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Preface 


First of all, the book is written for those students who love to study neatly. In fact, in the 
beginning there was no intention to write a book like this approach. The author studied on 
Reinforced Concrete Structures during third year of undergraduate in civil engineering. 
However, there were many books on this subject but there were no well-arranged books 
which was easily fathomed. So the author personally combines different textbooks as well 
as notes the theories and problem solutions under the chapters according to the class 
lecture. That is why the book is written during fourth year of undergraduate of the author 
to save the valuable notes from being lost inexpertly as well as for the students who are 
thirst for knowledge. The book is arranged stepwise with chapter-based theory analysis, 
basic concepts, problem solving techniques and examination useful questions. It is better 
to say that the problems on the both design and analysis of concrete structures are solved 
in the both practicing method of WSD and USD. The author has tried to make it students 
friendly by providing neat sketches and illustrations with practical problems, wherever 
necessary. Hopefully the book can be useful to those- 

e who wants to pass in the examination in a short time. 

e who wants to get a letter mark easily. 

e for all civil engineering students. 

e for all civil engineering job seeker. 
The author is very optimist that this book will be received with open arms by the students 
and educators. As well as this book will motivate the learners to be more devoted to the 
subject. 
In this work as a human, it is possible that errors may occur. Any comments and 
suggestions about the book are always welcome. There will be a request to the users, if 
there is any mistakes and omissions, it will be thankfully acknowledged. The author will 
be glad to consider them for inclusion in the next edition of the book. Insha-Allah. 
Just write to the author via mail. 


Khulna, Bangladesh Md. Jaber Hossain 
13 August, 2020 BSc. (Civil), KUET 
jabercekuet@gmail.com 
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Chapter - 1 
Design of Columns 


1.1 Theory Analysis 


Q-1. What are the types of columns? Briefly descnbe them. 

Ans: Types of columns: Columns may be classified based on the following different 
categories: 

1. Based on shape of the cross-section, columns may be classified as follows: 

(i) Square column, (ii) Rectangular column, (iii) Triangular column, (iv) Circular column. 


2. Based on column ties, columns may be classified as follows: 

(i) Tied column: Tied columns containing steel ties to confine the main longitudinal bars 
in the columns. 

(ii) Spiral column: Spiral columns containing spiral (spring-type reinforcement) to hold the 
main longitudinal bars and to help increase the column ductility before failure. 


3. Based on slenderness ratio, columns may be classified as follows: 

(i) Short column: A column is considered to be short if the ratio of effective length to its 
least lateral dimension is less than or equal to 12. 

(ii) Long column: A column is considered to be long if the ratio of effective length of 
column to its least lateral dimension is greater than 12. 


4. Based on loading, columns may be classified as follows: 

(i) Axially loaded column: It is the column, where loads are assumed acting at the center 
of the column section. 

(11) Eccentrically loaded column: It is the column, where loads are acting at a distance e 
from the center of the column section. 

(111) Biaxially loaded column: It is the column, where the load is applied at any point on 
the column section, causing moments about both the x and y-axes simultaneously. 


Q-2. What are the functions of tie bars or spirals in a reinforced concrete column? 

Ans: Functions of tie bars or spirals in a reinforced concrete column are described below:- 
(1) To hold the longitudinal bars in position while the concrete is being placed. 

(ii) To prevent the slender longitudinal bars from buckling outward. 

(iii) To take the horizontal shear during wind/seismic forces. 
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Q-3. What are the differences between short and long column? 
Ans: The differences between short and long column are described below: 


(i) A column is considered to be short if | (i) A column is considered to be short if 
the ratio of effective length to its least | the ratio of effective length to its least 
lateral dimension is less than or equal to | lateral dimension is less than or equal to 
12. Woe 
(ii) The ratio of effective length of a short | (ii) The ratio of effective length of a long 
column to its least radius of gyration is | column to its least radius of gyration is 
less than or equal to 40. greater than 40. 
(111) Long and slender columns buckle 
easily. 


(i111) Buckling tendency is very low. 


(iv) The load carrying capacity is high as | (iv) The load carrying capacity is less as 
compared to long column of the same | compared to short column of the same 
cross sectional area. cross sectional area. 


(v) The failure of the short column is by 
crushing. 


(v) The column generally fails in buckling. 


Q-4. Why the strength reduction factor for a column is more conservative than those for a 

beam? 

Ans: The strength reduction factor for a column is much lower than a beam. The causes 

are described below: 

(i) The concrete in columns is subjected to more segregation than in the case of beams. 

(ii) Columns are cast vertically in long, narrow forms in where beams are cast in shallow, 
horizontal forms and so casting uncertainty is more in columns. 

(iii) The failure of a column in a structure is more critical than that of a floor beam. 

(iv) The failure strength of a column is closely related to the concrete’s ultimate strength, 

a value that is quite variable. 

So the strength reduction factor for a column (g = 0.65) is more conservative than those 

for a beam (g = 0.90). 


Q-5. Why spiral column can support more loads than tied column? 

Ans: Concrete columns reinforced with spiral reinforcement can withstand more loads than 
tied column. This phenomenon happens because when load eccentricities are small, spirally 
reinforced columns shows greater toughness, greater ductility than the columns with ties. 
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Q-6. What is an interaction diagram? Describe interaction diagram for an eccentrically 
loaded column. [CE-2017, 2015] 

Ans: Interaction diagram: Interaction diagram in a column is a graph which shows a plot 
for the axial load, P, that a column could carry versus its moment capacity, My. 

The interaction diagram for an eccentrically loaded column is described below: 


yr Pure axial load 
4 o (P3, M3) 


so loading 


Axial Load, P 


T (Py, Mp) 


Pure bending 


Moment, M = Pe 
Figure 1.1: Interaction diagram for a column 


(i) The X-axis represents the bending moment and Y-axis represents the axial load. 

(ii) The ordinate on Y-axis means the eccentricity is equal to zero and also represents the 
truly concentric column. 

(iii) The ordinate on X-axis means the eccentricity is infinity and also represents the pure 
bending column. 

(iv) The ordinate (P,,M,) is acceptable combination of load & moment and optimized 

design. The ordinate (P2,Mz) is acceptable but overdesign. The ordinate (P3,M3) is 

unacceptable and under design. And (P,, M;) is the balanced loading. 

(v) The slope of the radial line from origin is m and the reciprocal of the slope is eccentricity 

é. 

(vi) From balanced eccentricity (e,), towards clockwise represents tension zone and 

towards counter-clockwise represents compression zone. 
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1.2. Basic Concepts 


1. For axially loaded (concentric) column: 
Axial force is given by- 


i) For spiral column P= A, (0.25f. + fipg) 
ii) For tied column P = 0.85A,(0.25f,' + fsPg) 


2. For eccentrically loaded (compression plus bending or uniaxial) column (WSD): 
(a) Concrete compression governs: 


fa fo cy 
Fa Fy 
Here, 
at 
oar 
F, = 0.34f,'(1+mp,) and m= ug? ; 
> 0.85 f, 
M 
fp == and M=Pe 
Sut 
F, = 0.45f,' 


1 [bt? t 2 
Rectangular, Sy = alte + (2n—1)As (5 — a’) 


1 [nd* A 
Circular, Sy = - es +(2n—1) = co? 


(b) Steel tension governs: 


P M-=M, 
Py ~ M,—M, 
Here, 


For symmetrically tied columns, 
My = 0.4Ag:f,(d — a’) 
and ey = (0.67p,m + 0.17)d 


For unsymmetrically tied columns, 
My = 0.4As¢fyjd 


P'm(d — d') + 0.1d 


oe ap 
Gnd fb “(pl = Fyn + 0.6 
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For spiral columns, 
My = 0.12AsfyDs 
and e, = 0.43pgmD, + 0.14t 


Here, A,= Total steel; A,,= Steel on tension side; A,g= Gross concrete area 


3. Small eccentrically (near axially) loaded column — Strength Design Method (USD): 
[For both tied & spiral column] 


Nominal axial load, P, = 0.85f,'(Ag — Ase) + fyAst 
“Py = Ag [0.85f.'(1 ~ Pg) + f,Pg| 


Now, Ultimate axial load, P, = agP, 


4. Design of Tie: 

Spacing of ties is the least of — 

i) 16 times diameter of longitudinal bar = 16d,, 
ii) 48 times diameter of tie bar = 48dpr 

iii) Least column dimension 


Longitudinal bar size 
Above IO =< 
5. Design of Spiral: 


Core diameter, D, = D —2*cc 
aD” 
4 


. ° . 
Minimum spiral ratio, Ps(min) = 0.45 (7 7 1) 
c 


Specification of ties: 


Area of core, A, = 


fo. 
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4a, 


Spiral ratio, ps = 30. 


vi 
Pitch of spiral, g =2 De: put 1" Ss 9 <6" 


6. Extra ties requirement: 
When clear space between longitudinal bars exceeding 6 in. then extra ties are required. 


> 6 in. > 6 in. >6in.>6 in. >6in. >6in. 


= 
7) (oS 
Ld 


7. Classification of columns based on type of loading and bending: 
I. Column with axial loading: Loading is applied concentrically and no bending. 
II. Column with uniaxial eccentric loading: Loading is applied eccentrically (e) and 
causes uniaxial bending. In Uniaxial Bending, column will tends to bend in minor axis. 
III. Column with biaxial eccentric loading: Loading is applied eccentrically (e, & ey) 
and causes biaxial bending. In Biaxial Bending, column will tends to bend in both major 


and minor axis. 
P 


|. Axial Il. Axial compression Ill. Axial compression 
compression with uniaxial bending with biaxial bending 


BES} 
fis 
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§. Biaxial bending column: 


8.1. Column bending and eccentricity: 


(b) Uniaxial bending with (c) Biaxial bending. 


load P, along the x-axis 
with eccentricity ex. 


(a) Uniaxial bending with 
load P, along the y-axis 
with eccentricity ey. 


8.2. Simple approximate methods to analyze biaxial bending: 


(i) Load Contour Method: 

M,, ” 2 Mny = rere, Mny = Frey 

uM. M Mn, , = Mn, when M,,, = 0 

Mny = Pe, —--- (c) 
Mny = Mny when M,,, = 0 
16] 

Q@, = a = a = (1.15~1.55) values near the 
lower end range are more conservative. 
So normally @ = 1.15 is considered. 


(ii) Reciprocal Load Method: 


1 1 1 . 
Ragen ae 4 Here, P, = Normal load in biaxial bending 
Fr Pay Ty 0 Pag = Normal load when only ey is present 


Fry. = Normal load when only e, is present 
0 = Normal load in concentrically column. 
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1.3 Solution Techniques 
1.3.1 Axial Compression (Concentric) 


1. Reinforcement ratio 
Assume, Pg = 2% = 0.02 (1%~8%) 


2. Column dimension 

For spiral column, P = Ag(0.25f,' + fepq) 
or, 

For tied column, P = 0.85A,(0.25f,' + fsPq) 


mD? 
For circular column, Ag = ——; then D is calculated 


or, 

For rectangular column, Ag = b? or Ag = b*h; thenb or his calculated 
3. Steel calculation 

Load contribution of concrete, P, = 0.25A, fe 

Load to carried by steel, P, = P — P, 

= fsAgPg =P — FP, 


=> f,Ag*—-=P-P, 
i —P: 
ae a 
4, Checking Reinforcemenr ratio, Pg = a [Between 0.01 & 0.08; ok] 


Ag 
5. Spiral design 
Core diameter, D, =D -—2*cc 
nD,” 
4 


Area ofcore, A, = 


a ; ” Ag t 
Minimum spiral ratio, Ps(min) = 0.45 |—— —- 1] 
A, hy 


al 
Pitch of spiral, g = ge [1° 29 = 6") (ok) 


6. Reinforcement detailing 


ST eel 


1.3.2 Uniaxis 
I. Method: Fi 


1. Reinforcem 
Assume, Pg = 
2. Column din 
For spiral coh 
or, 

For tied colur 


For circular c 


or, 
For rectangul 
3. Steel calcul 


4. Check for vu 
For uniaxial « 


Sa, fo 


“Fy Fy 
Now, k, = 0 
M=P*e 

F, = 0.45f,' 
i) For rectan 
or, 


ii) For circul 


Trial 
No. (i 


Provide nec 


5. Design of 
a) Design o: 
Spacing oft 
i) 16 times 
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1.3.2 Uniaxial Bending (Compression plus Bending) 
I. Method: WSD 


1. Reinforcement ratio 
Assume, Pg = 2% = 0.02 (1%~8%) 
2. Column dimension 
For spiral column, P = Ag(0.25f,' + fog) 
or, 
For tied column, P = 0.85A,(0.25f,' + fog) 
xD2 
For circular column, Ag = = then D is calculated 
or, 
For rectangular column, Ag = b? or Ag =5*«h; then borhis calculated 
3. Steel calculation (A,) 


A, 
Py = Ag “ As = PgAg 


4. Check for uniaxial column 


For uniaxial eccentric loading, Ja + to =i 
Fa Fp 
P M 
fa Fp Ag * fy Sut * Fp 
t fy 

Now, Fo = 0.34f/, (1 + Mpg); Here, m= 0.85f," 
M=P*e 
F, =0.45f, 

1 [be? t 
i) For rectangular column, Sy¢ = —=|7>-+ (2n—- 1)As (= —d ) 

Cc} 412 2 
or, 

1[xD* A 

ii) For circular column, Sy = : on +(2n-—-1) = coo 


Provide necessary reinforcement as longitudinal bars. 


5. Design of tie or spiral 

a) Design of tie 

Spacing of tie is the least of - 

i) 16 times diameter of longitudinal bar = 16d, 
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ii) 48 times diameter of tie bar (bar no.) = 16dpr 
iii) Least column dimension = b 


Check for extra tie: 

.. Clear distance between longitudinal bars, S 

_ b-—2*cc—2™* dy — Barno. of each side + dp, 

- Bar no. of each side — 1 

” 15d, <S< 6" (ok) 

So,no extra tie is required. 

or, 

b) Design of spiral 

. Clear distance between longitudinal bars 
mD, — As 

= ———— > 15d 
Bar No. mE 


Core diameter, D, = D—2*cc 
nD,” 
4 


Area of core, A, = 


_ : . _ Ag i 
Minimum spiral ratio, Ps¢miny = 0.45 |——— 1)— 
Ac fy 


4a 
Spiral ratio, ps = <a Ps(min) (ok) 
gD- 
1 th wr 
Pitch of spiral, g evel but 1" <g<6 


6. Reinforcement detailing 


Il. Method: Stren 
1. Load calculation, 


2. Reinforcement r. 
Assume, Pg = 3% 


3. Column dimensi 
Ultimate axial load 


For circular colum 
or, 

For rectangular cc 
4. Steel calculatior 
Load contribution 
Load to carried by 
= apAgfyPg =F, 


As 
=> apAgfyAg *=— 


g rs 
P—Pp. 
a= apf, 


5. Checking Reinf 


6. Design of tie 
Spacing of tie is t 
i) 16 times diam: 
ii) 48 times dian 
iii) Least columr 
Check for extra 
-. Clear distance 
- b-—2*cc—7 
7 B 
v1Sd, 2S < 


So, no extra tie 


7.Reinforceme 


Design of Columns § 21 
Il. Method: Strength Design Method or USD 


1.Load calculation, P, = 1.2DL+1.6LL 


2. Reinforcement ratio 
Assume, Pg = 3% = 0.03 (1%~8%) 


3, Column dimension 


Ultimate axialload, P, = a@pA, [0.85f,'(4 se Pg) ibe fybgl 
2 
For circular column, Ag = — ; then D is calculated 
or, 
For rectangular column, A, = b? or A, = b*h; thenb or his calculated 
4, Steel calculation 
Load contribution of concrete, Pj, = apA,[0.85f,'(1 — pg)] 
Load to carried by steel, P,. = PB, — Pye 
ad apAgfyPg =P, — Puc 
A 

=> apAgfyAg oe =F = Bie 

g 
_P =i 


° apfy 
A 
5. Checking Reinforcemenr ratio, pg = = [Between 0.01 & 0.08; ok] 
g 


6. Design of tie 

Spacing of tie is the least of - 

i) 16 times diameter of longitudinal bar = 16d,, 
ii) 48 times diameter of tie bar (bar no.) = 16dp, 
iii) Least column dimension = b 


Check for extra tie: 
-. Clear distance between longitudinal bars, S 


b—2%*cc —2%*d,7 — Barno. of each side * dp, 


Bar no. of each side — 1 


15d, <5 <6" (ok) 
So, no extra tie is required. 


7. Reinforcement detailing 


Seed ek SRST 
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1.3.3 Biaxial Bending 


1. Load calculation, 
Factoredload, PR, =1.2DL+1.6LL 


Py 
Nominalload, P, = ry 


2. Moment calculation, 
May = 1.2 Mpix + 1.6 Myx 
Muy = 12 Mp.y + A c3 Mrry 


Ux Mux 


M. 
. Mnx = O. and My = 
* My = Myx + Mny 


-. Eccentricity, e = — 
Py 


3. Reinforcement ratio 


Here, Ag = bxt 


Py 
h and OF A, 
Now, yH =b-—cc 
wy all 
= 


Select graphA and from graph, pg = 


4. Steel calculation 
ae Ast =Pg *Ag 


5. Design of tie 

Spacing of tie is the least of - 

i) 16 times diameter of longitudinal bar = 16d,, 
ii) 48 times diameter of tie bar (bar no.) = 16d,7 
iii) Least column dimension = b 


6. Reinforcement detailing 


7. Checking adequacy of the trial design 
(a) By the reciprocal load method: 


For bending about y — axis, H and VH vye= re 
H 


Select graphA 
= RE © = 
e= P. and id 


Ase 


Reinforcement ratio, p = oh 


mgraphA, —2= and =P, = 
Fro graph A, f. Ag a * Fay, 
YH 


For bending about x — axis, H and yH «y= 7 
Select graph A 


ny e 
=-———= and == 
P, h 
Reinforcement ratio, p = Ast 
F bh 
From graph A, Mea = = 
grap fe Ag and + Pay, 


Axialload, P, = 0.85f;'(Ag — Ast) + fy Ase 


Now from Bresler’s Reciprocal Load equation, 


1 i 1 1 
Ph Fax Fry, Py 


“PF, >(F,) (ok) 


So, the trial design is adequate. 


(b) By the load contour method: 


For bending about y — axis, H and yH «y= 
Select graph A 
Reinforcement ratio, p = 
Mny, 
From graphA, —; = and -M,y = 
fe Ag ° 


For bending about x — axis, H and yH «y= m 


Select graphA 
Reinforcement ratio, p = 


F hA a = d - M. = 
romgraphA, —=; and ~ 
F | g } NX oO 


Now from Load Contour Method equation, 


ay a 
M M 
( =) +( =) <1 (ok) 
Mn, Mny 


So, the trial design is adequate. 
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1.4 Problem Solution 
1.4.1 Axial Compression (Concentric) 


Pb-1. A column with the cross-section shown in figure below is loaded concentrically, 
Calculate the allowable axial load. 
Use f,' = 4ksi and f, = 50 ksi. 


Sol?: 
Here, 
Ag = 16 X 25 = 400 in? 
Ae = 8X 1.56 = 12.5.in? 
As 12.5 


Po = 3 = gpg = 00313 


For tied column, the allowable axial load is given by 
P = 0.85A,(0.25f,’ + fp) 

=> P = 0.85 x 400 (0.25 x 4+ 0.4 * 50 x 0.0313) 

- P=553kips (Ans) 


Pb-2. Design a circular, spiral-reinforced column for a concentric allowable working load 
of 480 kips with f,'= 4 ksi and fy= 60 ksi for both longitudinal steel and spiral. Also design 
the necessary spirals. [CE-2016(similar)] 


Sol": 

Assume, pg = 0.02; [1% ~ 8%] 

And, f, = 0.4f, = 24 ksi 

For spiral column, the allowable axial load is given by 
P =A,(0.25f,' + fePg) 

= 480 = A, (0.25 x 4 + 24 x 0.02) 


=> Ag = 324 in” 
mD? 

=> == 324 in? 
2 P= 20231in 


2 
Taking, D = 20in, So, Ag = ~~ = 314 in’ 


The contribution of concrete, P, = 0.25Agf,’ = 0.25 x 314 x 4 = 314 kips 
So, load to carried by steel, 

P, = 480 — 314 = 166 kips 

=> fAgPg = 166 kips 


SP , 
= fsAg ge 3 = 166 kips 


Design of Columns | d5ag 


Provide 9 —25 mm ¢ longitudinal bars. 


Check: 
9 * 0.79 


Po ~~" 314 


= 0.023 [Between 0.01 & 0.08; ok] 


Spiral design: 
Core diameter, D, = D—2*cc=20—2%*1.5 =17in. 


TD.” i *17? 


Areaofcore, A, = r = 227 in* 
314 4 
ini — eee = 1 )=—= 0.0115 
Minimum spiral ratio, Ps¢min) = 0.45 (5 7 1) 60 
1 cf Mt Wf 
Pitch of spiral, g = =D, = 7X17 = 2.83 = 2.75in.; so, 1° Sg<6" (ok) 


Taking 10 mm @ (#3) bar as spiral, 


4a, _ 4*0.11 
gDe¢ 2.75X17 


Spiral ratio, p, = = 0.0094 < Pscmin) 


Taking 12 mm ¢ (#4) bar as spiral, 


Spiral ratio, p, = = = 2 = 0.0171 > Pscminy (0k) 


Provide 12 mm @ spiral @ 2.75 in. pitch. eS 


12 mm @ spiral @ 2.75” pitch 


1.4.2 Uniaxial Bending (Compression plus Bending) 
I. Method: WSD 


Pb-3. If the following column carries an axial load of 360 kips, what is the allowable 
simultaneous moment? Use f,' = 4 ksi and f, = 50 ksi. 


2a" 


25” 
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Sol”: 
For symmetrically tied columns, 
ey = (0.67pm + 0.17)d 
=> ep = (0.67 * 0.0312 * 14.7 + 0.17) (25 — 2.5) 


2 @y = 10.74" 
fa fo 
ow, 4+ 2 = 
oe a 
P. M 
For balanced loading, a eee nee | 
Here, 


Ag = 16 x 25 = 400 in? 
Fy = 0.34f,'(1+ mpg) = 0.34 x 4 (1+ 14.7 x 0.0312) = 1.98 ksi 
My = Pp * €y = 10.74 Py 
F, = 0.45f,' = 0.45 +4 = 18 ksi 


29 x 10° 
For rectangular column, 


5. a DA, (5 -a') | 


~ 57000JSf.’ 


L [exes xe 1yx12x(2 25) 
= Sut =795] a2 ( Wake 
= Sip = 3167 in? 
Py Mp 
ee Sent nee ne | 

ae Ag *F, Sut * Fp 

By, AOTAP, _ 
” 400 *1.98 | 3167*18 


- Py = 318 kips < P(= 360 kips) 


So, concrete compression governs. 


fa fh 
in, 242224 
Again E, +. F, 
360 M 
DD ee fb ern 
400%*1.98 3167*1.8 
M 360 


>= > = 1 - 
3167 * 1.8 ' 400 + 1.98 
--M = 3110kip—in. (Ans.) 


Check: 
M_ 3110 


ep een 


= 8.63 in. < e,(10.74") [ok] 


Design of Columns § 17% 


Pb-4. If the following column carries an axial load of 100 kips, what is the allowable 


simultaneous moment? Use f,' = 4 ksi and f, = 50 ksi. 


Sol?: ; 
For symmetrically tied columns, 
ep = (0.67p,m + 0.17)d 
=> e, = (0.67 « 0.0312 * 14.7 + 0.17)(25 — 2.5) 


Cp = 10.74" 


Py Mp 
bal d loading, = 
For balanced loading A, «Fa Suc* 8p 


Here, 
Ag = 16 x 25 = 400 in? 
Fy = 0.34f,'(1 + mp,) = 0.34 x 4 (1+ 14.7 x 0.0312) = 1.98 ksi 


My = Py * Cp = 10.74 Py 
F, = 0.45f,, =0.45*4=18ksi 


For rectangular column, 
1[bt? t 2 
== + (211A, (= : a’) 


ut “| 12 
1 [16x 253 25 2 
= Sut =T75 WF +2x8-1)x12x(F-25) 
Ss Soe = B67 in* 
Py Mp 
Again, 1,+h + S.+*F; = 
P, 10.74 P, 


= 700*1.98 | 3167*18 
- Py = 318 kips > P(= 100 kips) 


So, steel tension governs. 
M — M, 


ooo 


; P 
Again, 5B M, —M, 
For symmetrically tied columns, 
M, = 0.4Astf,(d —d’) = 0.4 x 


1.56 
x 50 (22.5 — 2.5) = 2500 kip — in. 
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So, 
P M-M, 
P, M,—M, 
100 M — 2500 


318 (318 * 10.74) 2500 


 M =2790 kip —in. (Ans.) 
Check: 
M 2790 


e700 = 27.9 in.> e,(10.74") [ok] 


Note: e > e, — Tension zone Note: P > P, — Compression zone 
e <.e€, — Compression zone P <P, — Tension zone 


Pb-5. Design a spiral-reinforced circular column to carry an axial load of 300 kips with an 
eccentricity 6”. Use f,' = 3 ksi and f, = 40 ksi. 
Sol": 
Assume, pg = 0.02 
For spiral column, 
= A,(0.25f, + fig) 
=> 300= A,(0.25 x3+0.4 +40 x 0.02) 
=> Ag = 280 in? 
m™D? & 
> a = 280 in 


» D= 18.88 = 19 in. 
2 


mD 5 
So, A, = —— = 284 in 
4 


284 
Provide 6 —29 mm ¢ (#9) longitudinal bars. 
So, A, = 6.0 in? 


A Age's 
Now, pg ear => 0.02 = ——-. A, = 5.68 in? 
g 


We know, for uniaxial eccentric loading, 


40 
fa th a4 we = ——— = 15.69 
i Fy 0.85f,/ 0.85x3 


. dey | eee M 


ee e ~ Ag * Fa Sut * Fh GO: =D—-—5"=19-5=14" 


Here, 


Design of Columns (49) 


R= 0.34f'(1 + MPg) = 0.34 x 3 (1+ 15.69 x 0.02) = 1.34 ksi 
M=Px«e= 300*6=1800 k — in. 
Fy = 0.45f,' = 0.45 *3 = 1.35 ksi 
For circular column, 


7D 


1 ig As 
Sut =7 En +@n-1)4 (92)?| 


2 By x 29108 


a8 = 
Ez 57000Jf,’  - 


1 [+194 
= Sue =ag/ + + 9-1) x Paarl 
+ Sux = 936 in? 
Again, 
P M 300 1800 
4+ qq] = ui — ——————_- = ZZ. 1 N t ok 
Ag* Fa Sut * Fy 284*134  936*1.35 ate hse ) 


A, 
(in’) 


Provide 10 — 32 mm @ bars. — Core dia, D, = D —2 «cc 
“ aaa hee —— longitudinal bars = 96-2415 = 22 im 

= i = — = 5.64 in. > 1.5d, Spiral perimeter =D, . 

or 1.5 * 1.27 or 1.905 in. (Ok) = Linear length of spiral 
Spiral design: 
. , _ WDe? _- +227 2 

Core diameter, D, = 22in. & Areaofcore, A, = = = 380in 
Minimum spiral ratio, Ps(min) = 0.45 (= — 1)= = 0.00986 


Pitch of spiral, gj= =D, == - x22 =3.6 = 3in.; 50, t"< g< 6" (ok) 
Taking 10 mm @ (#3) bar as spiral, 


4a; 4*0.11 
- = op = 0.0067 < Pscminy (Not ok) 


Taking 12 mm ¢ (#4) bar as spiral, 
4a; 40.20 
Provide 12 mm ¢ (#4) spiral @ 3 in. pitch. 


Spiral ratio, ps = 


Spiral ratio, ps, = 


12 mm ¢ (#4) spiral @ 3 in. pitch 
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Pb-6. Design a square tied column to carry a working dead load of 240 kips and a working 
live load of 160.kips with a uniaxial moment of 300 k-ft. Use f,' = 4 ksi and f, = 60 ksi. 
Follow WSD method. [CE-2019] 
_ Sol: 
Assume, pg = 0.02 
Here, Total axial load, P = 240 + 160 = 400 kips 
For square column, 
P = 0.85Ag(0.25f,' + fe0g) 
=> 400 = 0.85A,(0.25 x 4+ 0.4 * 60 x 0.02) 
= A, = 318 in? 
& 5¢ = 310 in? 
- b = ¥318 = 17.83 = 18 in. 
So, Ag = b? = 324 in? 
As 


As : 2 5 
Now, pg = 2 0.02= 55 + As = 6.48 in? 


Provide 8 — 29 mm ¢ (#9) longitudinal bars. For only square column, bar 
So, A, = 8.0 in” : number is multiple of four. 


We know, for uniaxial eccentric loading, 


Se Tire 
F, Fy 


a ae 


F, TF Ag eo, F, 


Here, 
Fy = 0.34f,'(1 + mpg) = 0.34 x4 (1 + 17.65 x 0.02) = 1.84 ksi 
M = 300k — ft.= 3600 k — in. a 
F, = 0.45f,' = 0.45 «4 = 18 ksi mesh One a 8 


For square column, 
E,  29x106 


~ i fee? a_i ak arrest 
Sur = a T27 (2n — 1)A, (5- d E. 57000) f." 
_ 1/18 x18 ‘ 18 : 
ut = 5|——qp + ( x8-1)x8x(=-25] 


Design of Columns § Zim 


M 400 gO scm aries ice 
es ES eee ee Lee ot ok 
A,*F TS .*F, 3244104 1535218 ( ) 


a b 


Steel No. A, _As | Sut hes fy | Remarks | 
(in?) | 9] | Gn’) | FL Fy ; 


[8-29mmg | 8.0 | 0.02__| 1535 | 1.97 | Notok 
2957 
12—32 mm g | 15.24 
529 | 12—32mmg | 15.24] 0.029 | 3638 


Provide 12 —-32 mm @ bars. 
Design of tie: 
Spacing of tie is the least of — 


i) 16 times diameter of longitudinal bar = 16d), = 16 * 1.27 = 20.32 in. 
ii) 48 times diameter of tie bar (#3) = 16d,r = 16 * 0.375 = 18 in. 
ii1) Least column dimension = 23 in. 


Provide 10 mm ¢ (#3) tie bar @ 18 in. c/c. 


cc = 2.5” 


? 


23 


10 mm ¢ (#3) tie bar @ 18 in. c/c 


Check for extra tie: 

-. Clear distance between longitudinal bars 

_ b—2*cc —2 * dy — Bar no. of each side * dp, 
7 Bar no. of each side — 1 

_ 23 —2*2.5—2+*0.375 —4+#1.27 

7 4-1 

= 4.06" > 1.5d, (1.905”) 

1.905" < 4.06" < 6” 


So, no extra tie is required. 
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— 


Pb-7. Design a rectangular tied column to carry an axial load of 400 kips with a uniaxja] 
moment of 200 k-ft. Use f,' = 4ksiand f, = 60 ksi. Follow WSD method. [CE-2078] 


Sol": 
Assume, pg = 0.02 
Here, Axial load, P = 400 kips 
For rectangular column, 
P = 0.85A,(0.25f,' + fePg) 
=> 400= 0.85A,(0.25 x 4+ 0.4 * 60 x 0.02) 


| = 
=> 15 = 318 in* 
15b*b 318 in Length =t=1.5b 
318 
“b= 7. 14.56 = 15in.&t = 23 in. 


So, Ag =t* b = 345 in? 


As Ss . 
Now, Pg => > 0.02 = “= A, = 6.9 in? 


Provide 8 — 29 mm @ (#9) longitudinal bars. 
So, A, = 8.0 in? 


We know, for uniaxial eccentric loading, 


fa, Jo ey 


Fy ft" 
P M 
fa fo _ . 


"Fy Fy Ag * Fa Sut * Fp 


Here, 
F, = 0.34f,'(1 + mpg) = 0.34 x 4 (1+ 17.65 x 0.02) = 1.84 ksi 
M = 200k — ft.= 2400k —in. 
F, =0.45f, = 0.45*4=18ksi 


E, 29 x 10° 


For rectangular column, ad ae = 


s eile va. (~ a’) 
ut ~ 42 (2n—1)4, (5 - 


1 [15 x 233 
11.5 iz 


+@xe-1xex(2-15) | 


» Sup = 2366 in? 


Design of Columns [sage 


Again, 
P M 400 2400 


A,*h S 


a cg ee ee at Not ok 
ef, adeeies Sieesie oe BO 


Trial | b t Ag Steel A, _As | Sue | fa , fb | Remarks 
xe | omy | oma | ah | S| ce | ema | ooh | ee, | 


Provide 12 — 32 mm ¢ bars. 


Design of tie: 
Select #3 bar as tie, 


Spacing of tie is the least of — 

i) 16 times diameter of longitudinal bar = 16d,, = 16 * 1.27 = 20.32 in. 
ii) 48 times diameter of tie bar (#3) = 16d,7 = 16 * 0.375 = 18 in. 

iii) Least column dimension = 16 in. 


Provide 10 mm @ (#3) tie bar @ 16 in. c/c. 


Check for extra tie: 


.. Clear distance between longitudinal bars 
b—2%*cc—2*dyr — Bar no. of each side * dy, 


Bar no. of each side — 1 


16—2%*1.5 —2*0.375 —4*1.27 
7 Aine] 24’ 
-_— 1.5” 
= 2.39" > 1.5d, (1.875") . . * 


*% 1.875" =< 239" <6" 
8=#10 bars 16’ 


So, no extra tie is required. 


10 mm ¢ (#3) tie @ 18 in. e/c 


Pb-8. A 20 in. square tied column was reinforced with 12 —#8 bars and #3 lateral ties were 
placed at 18 in. c/c vertically. The clear cover was 1.5 in. on all sides. The column was 
loaded with an allowable axial load of 400 kips at a certain eccentricity. Determine the 
value of eccentricity to which it was loaded. Use f,' = 4 ksi and f, = 60 ksi. [CE-2017] 


Ber A, 12*0.79 
For symmetrically tied columns, Pg = A, = a 0.0237 
ep = (0.67p,m + 0.17)d 
=> e, = (0.67 * 0.0237 * 17.65 + 0.17)(20 — 1.5) fy 60 


m=Tare  gusxa 


2) 
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2 Oy = 833" 

. Ja ho 
y Seehn gy 

Now, A 
For bal d loadi b — Pa me 1 

or balanced loading, a+ asa 


Here, 
Ag = 20? = 400 in” 
F, = 0.34f,'(1+ mpg) = 0.34 x 4 (1 + 17.65 x 0.0237) = 1.93 ksi 
My = Py * ey = 8.33 P, 
F, = 0.45f,' = 0.45*4 = 18 ksi 


For rectangular column, 
1[bt? t \? 
w= fag t Gn DA, (5—a!) 


ge | eT 1) x 9.48x (F is) 
Be eee 1) ( 3 s) 


2. Sup = 2361 in? 


: P, My 
so ae tS 
Py 8.33 P, 
> 700*193  2361+18 


» Pp = 307 kips < P(= 400 kips) 


E. 


57000/f. 


So, concrete compression governs 


> 700*193 ' 2361*18 
eo 
 5361*1.8 ~ 400*1.93 


. M = 2048 kip — in. 


M 2048 
Pp & 5.12 in: 


= _ 


ccentricity, e 400 


Design of Columns. fe25ame 


II. Method: Strength Design Method or USD 


Pb-9. Design a square tied column to carry an axial service load of 320 kips dead load and 
190 kips live load. Use f,’ = 4 ksi and f, = 60 ksi. 


Sol”: 
Ultimate axial load, P, = 1.2DL + 1.6LL = 1.2 * 320 + 1.6 * 190 = 688 kips 
Assume, pg = 0.03 
Now, Ultimate axial load, P, = apP, 
= P, = apA,[0.85f,'(1— pg) + fyPag] 
= 688 = 0.80 * 0.65 * A,[0.85 * 4(1 — 0.03) + 60 * 0.03] 
=> Ag = 259.53 in? 
2b = 9259.58 = 16,11 im. 
Taking, b = 16 in. 
So, Ag = 256 in? 


The contribution of concrete, P,, = apAg[0.85f,'(1— pg)] 
» Pye = 0.80 * 0.65 * 256 [0.85 * 4 (1 — 0.03)] = 439 kips 


So, load to carried by steel, P,, = 688 — 439 = 249 kips 
= ADAgfyPg = 249 kips 


| A 
= 0.80 * 0.65 * f,A, * 7. = 249 kips 
g 


249 


ee 1] 2 
As = 080 «0.65 * 60 fad IP 
Provide 8 — #9 longitudinal bars. 


Check: 


. 8 « 1.0 
Pa ~ 956 


= 0.0313 [Between 0.01 & 0.08; ok] 


Design of tie: 
Select #3 bar as tie, 


Spacing of tie is the least of — 

i) 16 times diameter of longitudinal bar = 16d,, = 16 * 1.128 = 18 in. 
11) 48 times diameter of tie bar (#3) = 48d,7 = 48 * 0.375 = 18 in. 

11) Least column dimension = 16 in. 


Provide #3 tie bar @ 16 in. c/c 
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.. Clear distance between longitudinal bars 
b—2*cc—2*d,7 — Barno. ofeach side * dp; 

~ Bar no. of each side — 1 

_ 16—2*15 —2* 0.375 —3 1.128 

a 3-1 

= 4.43" > 1.5d), (1.692”) 


deg =:1.5" 


*% 1,692" <= 4.43" < 6" 


So, no extra tie is required. 


#3 tie bar @ 16 in. c/c 


1.4.3 Biaxial Bending 


Pb-10. Design a short tied square column to carry a factored load axially FR, = 640 kips 
and a factored moment M,, = 330 k-ft. Use f,' = 4 ksi and f, = 60 ksi. 


Sol’: 
ie My, _ 33012 _ : 
Eccentricity, e = er ale 6.19 in. 
Now, Ultimate axial load, PR, = apP, 
=> P, = apA,|0.85f.'(1 — pg) + fyPs| 
= 640 = 0.80 + 0.65 * Ag [0.85 *4(1 — 0) + 60 * O] 


=> Ag = 362 in?’ 


Finding Pg> yH 
- 5 
he 0.98 
ao | ale 
P, 640 
(eee we OEE 
feAg 0.65X4x 361 
$$ | 
Now, yH = H —2*ccto the bar centers =19-—2%*25=14" H 


yH 14 
“ye a = 1 = 0.74 Maximum usable pg = 1~4% 


Select graph A.6 and from graph, pg = 0.05 


So, revised. Trying 21 in. x 21 in. column with A, = 441 in? 
e 6.19 


.—- =—=0.29 
h 21 
PB, 640 
te = ————_—— = 0,56 
gfe Ag 965xX4%x 441 
Now, yH = 21" —5" = 16" 
“ Pe ie G76; ft to 0.80 
ae ak ie .76; close ta 0. 


Select graph A.7 and from graph, p, = 0.02 
- Ast = Dg * Ag = 0.02 * 441 = 8.82 in? 


Provide 12 — #8 bars with A,. = 9.48 in? 


Design of tie: 
Select #3 bar as tie, 
Spacing of tie is the least of — 


i) 16 times diameter of longitudinal bar = 16d,, = 16 +1” = 16 in. 
ii) 48 times diameter of tie bar (#3) = 48d), = 48 * 0.375" = 18 in. 


ii) Least column dimension = 21 in. 
Provide #3 tie bar @ 16 in. c/c 
Check for extra tie: 


-. Clear distance between longitudinal bars 
b—2*cc —2 * dy, — Barno. of each side * dp, 


Bar no. of each side — 1 
21 —2*15-—-2Z2%*0.375 —4¥*1 
- 4-1 
= 4.42" > 1.5d, (1.5) 
“25” < 443" <6” 


So, no extra tie is required. 


Me = 1.5" 


#3 tie bar @ 16 in. c/c 
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A Handbook of Reinforced Concrete Structures (Part-II) 


N.B: The graphs are provided in the Appendix — A at the end of this book. 


Note: If column section is rectangle, stiffness along which dimension is greater that is 


H. Generally larger dimension = H. 


Pb-11. In a three-story structure, an exterior column is to be designed for a service dead 
load of 222 kips, maximum live load of 297 kips, dead load moment of 136 k-ft. and live 
load moment of 194 k-ft. Architectural considerations require that a rectangular column be 
used, with dimensions b = 20 in. and h = 25 in. Find the required column reinforcement for 
the condition Use f,’ = 4 ksi and f, = 60 ksi. 


Sok: 
P, = 1.2 * 222 + 1.6 * 297 = 742 kips 
M,, = 1.2* 136+ 1.6 *194 = 474k — ft. 


Here, Ag = 20 * 25 = 500 in? . 


Eccentricity, e = Mu = ee le = 7.607 iM. 
P 742 
@ F6/ 
B, 742 


* Of'A, 065x4x500 


Now, vH = 25" —5" = 20" 


Select graph A.7 and from graph, p, = 0.024 
* Ast = Pg * Ag = 0.024 * 500 = 12 in? 


Provide 12 — #9 bars. 


Design of tie: 

Select #3 bar as tie, 

Spacing of tie is the least of — 

i) 16d), = 16 * 1.128” = 18 in. 

ii) 48d,7 = 48 + 0.375” = 18 in. 

ii) Least column dimension = 20 in. 


Provide #3 tie bar @ 18 in. c/c #3 tie bar @ 18 in. c/c 


Design of Columns #297. 


Check for extra tie: | 
-. Clear distance between longitudinal bars 


b—2%*cc —2*d,, — Barno. of each side « dp, 
~ Bar no. of each side — 1 


Gas 20—2+1.5—2+0.375—4*1.128 i es 25-2*1.5—2*0.375—4+1.128 
ae = ig tri 
= 3.91" > 1.54, (1.692") = 5.58" > 1.5d, (1.692%) 
© 1.692" < 3.91" < 6" 1.692" < 5.58" < 6" 


So, no extra tie 1s required. 


Pb-12. The 12 x 20 in. column shown in figure below is reinforced with 8 — #9 bars 
arranged around the column perimeter, providing an area of A,; = 8.0 in*. A factored load 
P, of 255 kips is to be applied with eccentricities e,= 3 in. and e,= 6 in. Material strengths 
are f, = 4ksiand fy = 60 ksi. 

Check the adequacy of the trial design. 


(a) Using the reciprocal load method and 2. 25 | a i To i. 5 


(b) Using the load contour method. 


Sol": 

(a) By the reciprocal load method: 
For bending about y-axis, H = 20” 
yH = 20" —5" =15" 


_yH 15 _ a Fe 
YH 20. 
Select graph A.6 & A.7 
j Ce 680 
a 5 oo 
Reinforcement ratio, p = BIE ——-— = 0.033 
: bh 12x20 
From graph A.6, From graph A.7, 
B PB, 
2 = 0.62 “0 = 0,66 
fe Ag i Ag 
Fry, 0.62 + 0.66 
= ———— = 0.64 


oe A; —_— 2 
Phy, = 0.64 * fc'Ag = 0.64 * 4 * (12 * 20) = 614 kips 


For bending about x-axis, H = 12” 
yH = 12" eee 5! = 7" 


2 ane 

a ee 0.60 
Select graph A.5 

d S = : 0.30 
cu eae gd 
Reinforcement ratio, Ase ay 0.033 

a = — = ——___ = 0), 
pe bh 12x20 
From graph A.5, on = 0.65 
cA 

*! Pax, = 0.65 * fo'Ag = 0.64 * 4 * (12 * 20) = 624 kips 


Axial load, P, = 0.85 ‘ors — Ast) + fyAse 
>. P, = 0.85 * 4(240 — 8) + 60 * 8 = 1269 kips 


Now from Bresler’s Reciprocal Load equation, 
1 el | iL 


PR Fh, Fry 5 Py 

ee ee ae 
~P, 624 614 1269 
= P, = 410 kips 


~ P, = pP, = 0.65 * 410 = 267 kips > 255 kips 
So, the trial design is adequate. 
(b) By the load contour method: 


For bending about y-axis, H = 20” 
yH = PHM 5! a 15” 


ne (Soa 15 075 
=e 20 
Select graph A.6 & A.7 
Ast 8.0 
Reinforcement ratio, p= an a9 10 = 0.033 
From graph A.6, From graph A.7, 
Mny , y 
= 0.215 —* = 0.235 
fc Agh fi; Agh 
M 0.215 + 0.235 
BE ee ee = 0,225 


PA 2 
+ Mny, = 0.225 * fo Agh = 0.64 * 4 * 240 * 20 = 4320 k — 


Design of Columns gd 


For bending about x-axis, H = 12” 
yH a A ee a 


~ YS ee 058 0.60 
vr wo 
Select graph A.5 
Reinforcement ratio Ast St 0.033 
1 . = — = = Q. 
° P=th 12x20 
Mnx 
From graph A.5, ——* = 0.185 
felAgh 
+ Mnx, = 0.185 * f,'Agh = 0.184 * 4 * 240 * 12 = 2130 k — in. 
Bp 255 
Now, Nominalload, P, =—~ =——- = 
nO 068 392 kips 


‘: Nominal moments about x and y-axes are, 
Mn, = Py * Cy = 392 *3 = 1176 k — in. 
Mny = Py * Cx = 392 * 6 = 2352 k — in. 


Now from Load Contour Method equation, 


Mn,\ [May \” 
———=| ae <1 
Mn, Mny 
i) ee del 


7130 ++ a 0.505 + 0.497 = 1.002 


So, the trial design is adequate. 


Pb-13. Determine the design capacity, P,,; of the short tied column shown in figure below 
which is subjected to biaxial bending. The column 
is reinforced with 8 nos. of #9 bars. Material 
strengths are f,' = 4 ksi and f, = 60 ksi. 
[CE-2018] 


5" M 
Sol*: 
For bending about y-axis, H = 25” 


yH = 25” Bee Bf = 20" 
yH~ 20 
= 0.80 


i eaks aah) a 
Select graph A.7 


go Pot oye 
ane Re 


A 8 * 1.0 
Reinforcement ratio, p = 


Bh gee ig @ eats 
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P, 
From graphaA.7, ——2 = 0.29 
fc Ag 


~ Pax = 0.29 * fe'Ag = 0.29 * 4 * (25 * 15) = 435 kips 


For bending about x-axis, H = 15” 
yH = 15” — 5” — 10” 


ee 1 0.70 
hs a el 
Select graph A.6 
eee leun 
a ae 
Reinf Rath, peo et eae 
einrorcement ra ‘a p= bh = 12x20 J. 
From graphA.6, —-2 = 0.33 


fe'Ag 
° Phyo = 0.33 * fe'Ag = 0.33 #4 * (25 * 15) = 495 kips 


Axial load, P, = 0.85f,'(Ag — Ast) + fyAst 
» P, = 0.85 * 4 (375 — 8) + 60 * 8 = 1728 kips 


Now from Bresler’s Reciprocal Load equation, 


b  9o5 435 1728 
- Pay = 268 kips (Ans.) 


Pb-14. Design the reinforcing needed for a short square tied column having cross-section 
of 22 x 22 in. shown in figure for the following DL = 100 kips, LL = 200 kips, Mp,x = 
50 k-ft, M,zy = 110 k-ft, Mpry = 40 k-ft, Myzy = 90 k-ft. Material strengths are f,' = 
4 ksi and f, = 60 ksi. Also check the adequacy of the trial design, using (a) using the 
reciprocal load method and (b) using the load contour method. [CE-2017] 


Sol": 
Factored load, P, = 1.2 * 100 + 1.6 * 200 = 440 kips 


440 
~ P= 065 677 kips 


My = 1.2 * 50 + 1.6 * 110 = 236k — ft. 
Muy = 1.2 #40 + 1.6 * 90 = 192k — ft. 


Design of Columns 


Ucta see soe 
065 ie een” 0,65 


: My = 363 + 295 = 658k — ft. 


- Eccentricity, e = — = ———_ = 66" 
Py 677 


Here, Ag = 22 * 22 = 484 in? 


= 295k — ft. 


2 nS Hes 
a a) 
P, 440 
2. = —————_= 0,35 
~f- Ag 0.65xX4x 484 


22° 
Se LE 
Now, yH — 22" = 5” = 17" r cc = 


AH 17 7 
a — = 22 = 0.77 = 0.80 3 —#11 bars 22 


Select graph A.7 and from graph, pg = 0.021 
* Ase = Pg * Ag = 0.021 * 484 = 10.16 in? 


Provide 8 — #11 bars with Ag, = 12.48 in? #4 tie bar @ 22 in. c/c 


Design of tie: poate sebenetteatecsiccharscuicchssusnecneseecesdeetbceaeeny etic acaeagbees 
Select #4 bar as tie, N.B: Use #4 bar as tie for above #10 longitudinal bar. 


Spacing of tie is the least of — ! [See basic concepts — 4] 
ie Siesta a5, ee eee ee 
ii) 48d,7 = 48 * 0.5" = 24 in. 

ii) Least column dimension = 22 in. 


Provide #4 tie bar @ 22 in. c/c. 


Checking adequacy of the trial design: 
(a) By the reciprocal load method: 
For bending about y-axis, H = 22” 

yH = 22" —5"=17" 

a, He LT 7 

. Y= EoD 0.77 ~ 0.80 

Select graph A.7 


Mnx 363412, 4, 1, &_ 643 _ 9, 
. 7° AR, 7 a Maee 


As, 8 *1.56 
bh 22x22 


= 0.62 


Reinforcement ratio, p = = 0.026 


Pry, 


fe Ag 


From graph A. 7, 
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* Pay, = 0.62 * fc'Ag = 0.64% 4* 484 = 1200 kips 


For bending about x-axis, H = 22” 
vil = 22" = S$" = 17" 


py ee 0.77 
) By =e = oe. = .77 = 0.80 
| Select graph A.7 
Mny 295 *12 ve e 5.23 
e= P, = S97 = 923 and, 5 oe ee 


| Reinforcement ratio, p = 0.026 


P 
From graphA.7, ——2 = 0.695 
fe Ag 


+ Paxy = 0.695 * f-'Ag = 0.695 * 4 * 484 = 1346 kips 
Axial load, P, = 0.85f,'(Ag — Ast) + fyAst 
». Py = 0.85 * 4 (484 — 12.48) + 60 * 12.48 = 2352 kips 


Now from Bresler’s Reciprocal Load equation, 


~~ 1346 1200 2352 
2 PB, = 869 kips > 677 kips(Py) 


So, the trial design is adequate. 


(b) By the load contour method: 
For bending about y-axis, H = 22” 
yH — v8 = BY = 17 


ee 097 « 0.80 
Some 
Select graph A.7 
Reinforcement ratio, p = 0.026 
From graph A. 7 ald = 021 
roa 


* Mny, = 0.21 * f,'Agh = 0.21 * 4 * 484 * 22 = 8944 k — in. 


For bending about x-axis, 
Since square column, Myx, = 8944k — in. 


Design of Columns apse 
Now from Load Contour Method equation, 
Carl a2 
Mn Mny 
x) + <1 
Max, Mny . 


363*12\225 7295*12\11 
6 | eee ek = 0 344=0.78<1 (ok 
( 8944 ) ( 8944 ) i a on) 


So, the trial design is adequate. 


acion 
bo SALTS 
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Chapter - 2 
Flat Plate and Flat Slabs 


2.1 Theory Analysis 


Q-1. What are the differences between flat plate and flat slab? 
Ans: The differences between flat plate and flat slab are described below: 


Flat plate Flat slab 


(i) It has uniform slab that rests | (i) It rests directly on columns. 
directly on columns. 
(ii) It has no beams, drop panel or | (ii) It has no beams but has drop panel 
column capital. and column capital. 
(aii) Flat plate can join only smaller | (iii) Flat slabs can join larger spans 
spans. when compared to flat plates. 
(iv) Flat plates are most economical | (iv) Flat slabs are used for spans of 20 
for spans from 15 to 20ft. to 30 ft. 


Column capital 


Q-2. What are the design methods of flat plate and flat slab? 

Ans: The flat plate and flat slabs can be analyzed using several methods of structural 
analysis. Some of this methods are given below: 

(a) Direct Design Method (DDM): For the moment coefficients determined by the direct 
design method to be applicable. This method has such limitations: 

(i) = 3 spans 


eld 
Gi)—< 2 
ly 


ie 1 
Gi)(L, esr li.) Ss ru 
(v) Column offset < 10% L 
(vi) 0.2 <a<5.0 


(b) Equivalent Frame Method (EFM): The only difference between the direct design 
method and the equivalent frame method is in the determination of the longitudinal 
moments in the spans of the equivalent rigid frame. Whereas the direct design method 
involves a one-cycle moment distribution, the equivalent frame method involves a normal 
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moment distribution of several cycles. The design moments obtained by either method 
are distributed to the column and middle strips in the same fashion. 


And finally, this is a very important matter because so many floor systems do not meet the 
limitations specified for the direct design method. 


For such cases, it is simpler to use the direct design method (DDM). 


2.2 Basic Concepts 


1. Types of Two Way Slabs or Floor Systems: 


Description 


1. Two 
way slabs 
on beams 


- Supported by beams 
on all four sides. 


- Beams transfer the 
loads to the column. 


- Uniform slab that 
rests directly on 
columns. 


- It has no beams or 
column capital. 


- It has no beams or 
girders and columns 
carry the loads. 


- It has drop panel 
and column capital. 


- Consists of voids 
between the ribs with 
the ribs continuing in 
both directions. 


4. Waffle 
slabs 


- Without supporting 
beams and resting 
directly on columns. 


Economical 
choice 


- Spans = 
20~30 ft. 


- Live loads = 
60~120 psf. 
- Spans = 


15~20 ft. 


- Live loads = 
60~100 psf. 


- Spans = 
20~30 ft. 


- Live loads = 
80~150 psf. 


_ - Spans = 
: 20~25 ft. 


- Live loads = 
60~100 psf. - 
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Relative Stiffness (a,): 
“Here, a f= Ratio of flexural stiffness of beam to the slab 


I, = Gross moment of inertia of beam 
I, = Gross moment of inertia slab 


beam stiffness  Eyly 


So, = ——_—____ = — 
Or Of “Slab stiffness Bl. 


3. Relative Restraint (f,): 
beam torsional stiffness _ Eye 


slab flexural stiffness 2 I, 


0.631,\ (1,71 
where, C = torsional constant = »; (1 aa :) ( 5 ) 
l 


t= 


= shorterspan & l; = longer span 


@psien Condition of Flat Plate according to Panel: 


Exterior Panel & Carry Edge Beam 


Swe ae So,az #0 


P head 7~. 


Interior Panel & No Edge Beam 
Soa, ar. =0 


Without Drop Panels? 


~ Interior 
Exterior Panels Panels Exterior Panels 
Yield strength, Without edge With edge Without edge 
i*. beams beams* beams 


75,000 


* The value of ay shall not be less than 0.8. 
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(Distribution of Total Span Moment in an End Span: 


‘Slab Without Beams 
- . . Between Interior — 
Exterior Edge Slab with Supports -. 
Beams ' 
Fully | BetweenAll = With _ Without 
Unrestrained Restrained) Supports Edge Beam: Edge Beam 
(1) (2) (3) (4) (6) 
Exterior negative factored moment 0 0.65 0.16 0.30 0.26 
Positive factored moment 0.63 0.35 0.57 0.50 0.52 
Interior negative factored moment 0.75 0.65 0.70 0.70 0.70 
First 
Exterior Interior Inferior 
Support . Support 


1. No restraint 


- 2, Fult restraint 


3, Slab with beams between 
supports 


4, Edge beam 
only (no 
other beams) 
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7. Percentages of Moments in Column Strips: 


Aspect Ratio /o/I, 


ay, lo/ly Be 0.5 1.0 

Negative moment at exterior support 0 0 100 100 
S25 iD 75 

>1.0 0 100 100 

22:5 90 75 

Positive moment near midspan 0 60 60 
>1.0 90 75 

Negative moment at interior support 0 75 75 
>1.0 90 75 


(3, Columa Strip and Middle Strip of a Panel Slab: 


bok bk 2h ob 
4 4 2 4 4 
}¢ >} >| « p14 4 >| 
Fp a Oe eee Ae ee ee ae AN. 
04 Aa 
N 
ieee ae a ae 
B 4 
Or ceutle w 
nn ee “», 
Ww, 
AN le giaw te walter lo “% 


Column Strip Middle Strip 


l l 
* The smaller value between ri & 7 will be used for column strip. 


9. Effective depth of Reinforcement in Long Span and Short Span: 


d;, = d+0.25 


Slab Short direction bar Long direction bar 


2.0 
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10. Reinforcement of Slabs without Beams: 


MINIMUM 


PERCENT Ag WITHOUT DROP PANELS WITH DROP PANELS 
AT SECTION 


50 


Remainder 
y Continuous bars 
o 


a|/O 
S 
7) 
z 
= 
=] 
a 
QO 
O 
eel 


= 
O 
E 
o At least two bars or wires Splices shail be 
shall conform to 13.3.8.5 permitted in this region 
o|}@® 
=|O 
ha 
wn 
w cf ea es HE “ 
= 
ra) 
Oo 
= | 5 \ 
Cy ss ' Cy | C1 ! 
Clear span —/, Clear span —/, 
Face of support Face of support 
- Center to center span —/ ‘ Center to center span —1 | 
g ¢ g 
Exterior support Interior support Exterior support 
(No slab continuity) (Continuity provided) (No slab continuity) 


11. Moment Coefficient for Flat Slab: 


| 


12. Concrete Aggregate Factor, A: 


[Rees [Beene 
All light-weight concrete 
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2.3 Solution Techniques 
2.3.1 Design of Flat Plate: 


2.3.1.1 Design of Interior Panel: 
1. Thickness of flat plate: 
: For interior panel, a- = 0 
| Longer span, lL, 
l 
«- Minimum thickness, t = a5 
=== T= CC 


2. Checking for one way shear (beam shear): 
Ultimate load, q, 
Ultimate shear, V,, 
Concrete shear, 9%, = p2A | fe’ bd 
Here, 9K, > Vu, (ok) 

3. Checking for two way shear (punching shear): 
Ultimate shear, V,, 
Punching perimeter, b, 
Concrete shear, QV, = p4a fa bod 
Here, @Ve, > Vax (ok) 


4. Static moments: 


i 2 

M, = 
Eats? 
Meee : n 
a 
1s Mas = 


5. Summary of moments and steel calculation: 

Long span, Mo; d = dprovidea + 0.25 

Short span, Mos; d = dproviaea — 0.25 

M, Asfy 
A, = ——— 24==— 
"gf, (d-$) 0.85f,'b 
Moment A,(min) | Reinforcement 
coefficients = 0.0018bt 
(in”) 
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2.3.1.2 Design of exterior panel: 
1. Calculation of a for exterior panel: 
As X Ys + Ap X 
Centroid of cross — hatched edge beam and slab section = ee AOE HT 
A, + Ap 
Gross moment of inertia of beam and slab, [, 
Gross moment of inertia slab, I, 


Eply 


For exerior panel, a = ET 
sos 


2. Thickness of flat plate: 
Longer span, l, 


l 
-. Minimum thickness, t = os = 5” 
&=t— ce 


3. Checking for one way shear (beam shear): 
Ultimate load, q, 
Ultimate shear, V,, 


Concrete shear, PY, = p2A fe! bd 
Here, 9Y, > Vu, (0k) 


4. Checking for two way shear (punching shear): 
Ultimate shear, V,, 
Punching perimeter, b, 


Concrete shear, p%, = p4A ff’ bod 


Here, PU, > Vu, (0k) 


5. Static moments: 


abl,” 
a 
eo qu Lo LS 
oL — 8 
2 
du lily 
oS 8 


6. Moment coefficients: 
Interior negative factored moment with edge beam = 0.70 
Positive factored moment with edge beam = 0.50 
Exterior negative factored moment with edge beam = 0.30 


l 
For, a = 1.47 & - and from interpolation, 
1 
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Percentages of interior negative moments taken by column strip = 
Percentages of exterior negative moments taken by column strip = 


Percentages of positive moments taken by column strip = 


7. Summary of moments and steel calculation: 


My, Asfy 


ae of, (a =)’  0.85f.'b 


Moment 
coefficients 


Reinforcement 


8. Reinforcement detailing: 


2.3.2 Design of Flat Slabs — WSD Method: 
1. Load calculation: 
Assume, tz 
-. Load, w’ = LL+DL 
2. Thickness of flat slab (tz): 


(i) tz = 4 in. 

eet: 

(ii 2 ~ 40 

iii) t = 0.0241 (1 =) y 

(iti) t» = 0, at) [a 
2000 


Let, tz = 
‘And, thickness of drop = 3 in. 
ea ty =f +3615 t> 


3. Moment calculation: 
Total load on panel including drop, W = 


Fi= (1.15-=) 4 
-) = 


acy* 
Moment, M, = 0.09WLF’ (1 - =) 
Column strip: 
(—)ve moment = —0.50M, 
(+)ve moment = +0.20M, 
Middle strip: 
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(—)ve moment = —0.15M, 
(+)ve moment = +0.15M, 


4. Check for depth by moment: 
(a) For d, with max. (-)ve moment: 
Design constants: 
Es _ fs deg n 


k 
n=—;r=+; k= ij=i-+ 
te n+r 


3 


3 
Here, by = qth of the drop panel 


1 
Now, M=> fokjbydy" 
~d,= 
d, (provided) = t; — cc = d, (ok) 


(b) For dz with max. (+)ve moment: 
3 _ 3 4 
Here, bz = rh of the middle strip = z x 3 
1 - 2 
Now, M= gfekibede 
-dz,= 
d2(provided) = tz — cc = dz (ok) 
5. Check for depth by shear: 
(a) Punching shear: 
(i) For 1st critical section: The 1st critical section is attained at a distance = from 
the face of the column capital. 
Dia. of critical section = (Dia. of column capital + d,) 


Developed shear, Vgey 
Punching perimeter, b, 
Allowable shear, V7; = 2 | fe’ body 


Here, Vai > Vaev (ok) 
(11) For 2nd critical section: The 2nd critical section is attained at a distance = from 


the face of the drop panel. 
Side of critical section = (Side of drop + dz) 


Developed shear, Vge, 
Punching perimeter, b, 


Allowable shear, V,); = 2 te bath 
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Here, Vau > Vaev (ok) 
(b) Beam shear: 


md? 
Side of equivalent square, a = a 
a 
Side of critical section = ((a1 —d,- 5) 
Developed shear, Vgey 


Allowable shear, Vay = 2_|f,' bdz 
Here, Vat > Vaev (ok) 


5. Steel calculation: 


Strip Location Moment, M 
(k — ft.) 


6. Reinforcement detailing: 


Reinforcement 


Problem Solution 
2.4.1 Design Flat Plate 


2.4.1.1 Design of Interior Panel 
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Pb-1. Design an interior flat plate (panel 3) for the structure shown in figure below. Assume 
a service live load of 80 psf, a service dead load of 110 psf including self-weight. Use 
materials of f,' = 4000 psi and f, = 60,000 psi, and normal weight concrete. 


= 100 ft 
NI 
w 


5 @ 20ft 


6 @ 16 ft=96 ft 
Sol*: 
1. Thickness of flat plate: 
For interior panel, ar = 0 
16 
Longer span, L, = 20 —--- = 18.67’ 


12 


l 18.67 x 12 
-. Mini thickness, t=<_ = £6.79" 
inimum thickness 33 33 6.79 
od=t-cec=7-1=6" 


2. Checking for one way shear (beam shear): 


Ultimate load, q, = 1.2 * 110+ 1.6 * 80 = 260 psf 


Each column 
12”x16” 


= Vdd > 5! 


8 
Ultimate shear, V,, = 260 psf x (10 -=-3) = 2297 lb/ft 
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Concrete shear, Vo, = 92 |f,' bd = 0.75X2xX1x V¥3000 x12 x6 =5915 lb/ft 


Here, 9%, >, (ok) 
3. Checking for two way shear (punching shear): 


20’ 
16’ 
18 22 
Ultimate shear, V,, = 260 psf x [20 x 16) — IS 4 =)| = 82485 lb 


Punching perimeter, by = 2 X (18 + 22) = 80 in. 
Concrete shear, @%&, = 944 |f,' bod = 0.75 x 4x 1 x ¥3000 x 80 x 6 = 78872 lb/ft 


Here, QU, <M, (Not ok) 


4. Revised thickness: 
:. Minimum thickness, t = 7.5” 
~d=t—cce=7.5—1 =6.5” 


Checking for one way shear (beam shear): 
Ultimate load, q, = 1.2 +* 110 + 1.6 * 80 = 260 psf 


6.5 _'8 
Ultimate shear, V,, = 260 psf x (10 Te -=) = 2286 lb/ft 


Concrete shear, pV, = 924 |f,' bd = 0.75 X 2X 1x V3000 x 12 x 6.5 = 6408 lb/ft 


Here, VY, >, (ok) 
Checking for two way shear (punching shear): 
18.5 22.5 


Ultimate shear, V,, = 260 psf x (20 x 16) - (= x =| = 82448 Ib 


Punching perimeter, by = 2 X (18.5 + 22.5) = 82 in. 
Concrete shear, pV. = p4A [fe bod = 0.75 X 4X 1x ¥V3000 x 82 x 6.5 = 87581 lb/ft 


Here, 9Ve, > Vu, (ok) 
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5. Static moments: 


fille 
nm BO! 
16)? 
qulzly2 260x16x (20-25 
1 Mg, = bata? _ 260%16% (20797) og raf 
12\* 
L.l.2 260x20x(16—=5 
1 Hyg Selalel _ 26K) anton 


6. Summary of moments and steel calculation: 
Long span, M,, = 181.2k— ft; d=65+0.25 = 6.75 in. 


A,(min) 
= 0.0018bt 
(in?) 


Mie [O [OBO | -294 | 09H 
strip rE - 


Moment A,(min) 
coefficients = 0.0018bt 
(in?) 


7 


7. Reinforcement detailing: 
Long span, l, = 18.67’ 
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0.301, = 5.6’ 8 — #4 bars 7 — #4 bars 


i] i] 

1 ! ' 

! ! 1 ! 

1 1 1 1 
I 1 

i] 1 1 i] 

' i] i] i] 

1 1 t 1 

1 1 1 

\ At least two bars should be 1 

' I 

1 1 1 

! i] i] 

1 I 1 


anchoraged at the exterior support 7 — #4 bars 
1 
Figure: Column strip 
O.22b, = 4.11’ 7 — #4 bars 
HI 
' ' 1 1 ' 
0% ' <— >| ' 1 \ 
| : : 10.151, = 2.8 H ; 
1 1 1 1 ae | 
' ! 
1 1 ' 1 
! ! 1 1 
1 1 i] 1 
1 4 #4 bars 3 — #4 bars ! 
1 1 i] 
: 


Figure: Middle strip 


Pp. A flat plate floor system rests on 12” x 12’’ square columns spanning 16 ft. on centers 
{7 both directions. Design the interior column and middle strip of a typical interior panel. 
The floor has to carry a service live load of 80 psf, a floor finish of 25 psf and its own 
weight. Use f. = 4000 psi, f, = 60,000 psi, and consider the followings — (i) Percentage of 
moment transferred to support = 65%, (ii) Percentage of negative moment taken by column 


strips = 75%, (ii) Percentage of positive moment taken by column strips = 60%. [CE-2019, 
2017) 


Sol”: 
1. Thickness of flat plate: 
For interior panel, a- = 0 
1 
Longer span, lL, = 16 -—~= 15 
l x 
. Minimum thickness, t = —~ = an te = 5.45" 26" >5" 


33 33 j 
~d=t—cce=6-1=5" 


2. Load calculation: 
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Dead load: 


6 
Self weight of flat plate = 72* 150 = 75 psf 


Floor finish = 25 psf 
Live load: 
Live load = 80 psf 


Ultimate load, q, = 1.2 * (75+ 25) + 1.6 * 80 = 248 psf 


3. Checking for one way shear (beam shear): - 


8’ 


5 6 
Ultimate shear, V,, = 248 psf x (8 -= -=) = 1757 lb/ft 
Concrete shear, VY, = 92A ie bd = 0.75X2xX1xV4000 x12 x5 = 5692 lb/ft 
Here, Qe, > Vay (ok) 


4. Checking for two way shear (punching shear): 


16’ 


». fin 
Ultimate shear, VY, = 248 psf x |(16)* — (5) = 62990 lb 
Punching perimeter, by = 2 X (17 + 17) = 68 in. 
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Concrete shear, pV, = 944 |f.' bod = 0.75 X 4x 1x ¥4000 x 68 X 5 = 64510 lb/ft 
Here, My > Vay (0k) 


5. Static moments: 


Ll 
M, = uo 
Lol? 248x16~x(15)2 
5 Wipe My = ee eR 


8 8 


6. Summary of moments and steel calculation: 
Long span, M,, =111.6k—ft; d=5+4+0.25 = 5.25 in. 


My, | As(in”) 
(k — ft.) 
Cota [OO aA 
oF [omee rae 
Missle TO [WO | 18 


strip +) | (0.35) (0.40) | + 15.62 | 0.67 #4 
cee eee eee | et | 


Mu Asfy 
— a 0 B5 fb 
of, (4-5 Bie 


A 


Reinforcement 


Moment 
coefficients 


Short span, Ms =111.6k—-ft; d=5—0.25 = 4.75 in. 


Strip M,, | A,(in?) 
(k — ft.) 


aT | OS OHE) 
stip [@ | 0.35) (0.60) | + 23.44 : 

Per SAGA nid J Rt Hal Mall Site 
Mae (Gi, 0025) | 1 
5 il mite Duca 


(b=8 ft.) 


Moment 
coefficients 


Reinforcement 


7. Reinforcement detailing: 
Long span, l, = 15’ 


Flat Plate and Flat Slabs 


0.301, = 4.5’ 6 — #4 bars 6 —#4 bars 


t i] 

' 1 1 

' ' I 1 

! ' I I 
1 1 

1 I ' 1 

1 i} i 1 

' i] ! i] 

1 1 1 i] 

1 At least two bars should be ! 

1 t i] 

1 1 i] 

i] i] 1 


anchoraged at the exterior support 6 — #4 bars 
' 
Figure: Column strip 
0.221, = 3.3’ 6 — #4 bars 
——a 
| i@ + 
"1 1} 10,151, = 2.25! ! 
i] 1 I 1 Se 
ee 
' i] ' 1 
' 1 i) i] 
| 3—#4bars 3 — #4 bars 
3 : : 
! ! ! 


Figure: Middle strip 


. A flat plate floor system rests on 18” x 18” square columns spanning at 20 ft. on 
enters in both directions. Design the interior column and middle strip of a typical interior 
panel. The floor has to carry a service live load of 100 psf, a floor finish of 30 psf and its 
own weight. Use f, = 3000 psi and fy = 60,000 psi. Consider — (i) Percentage of moment 
transferred to support = 65%, (ii) Percentage of negative moments taken by column strips 
= 75%, (ii) Percentage of positive moments taken by column strips = 60%. [CE-2018] 


Sol?: 
1. Thickness of flat plate: 
For interior panel, ar = 0 
18 
Longer span, L, = 20— 73> 18.5’ 


In _18.5X12_ 


ge ~ 8" > 5” 


-. Mini thickness, t = —> = 
inimum thickness 33 33 
,det=—ce=b—lL=a7" 
2. Load calculation: 
Dead load: 
8 
Self weight of flat plate = PD x 150 = 100 psf 


Floor finish = 30 psf 
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Live load: 
Live load = 100 psf 


Ultimate load, q, = 1.2 * (100 + 30) + 1.6 * 100 = 316 psf 


3. Checking for one way shear (beam shear): 


7 8 
Ultimate shear, V,, = 316 psf x (10 -=- a5] = 2739 lb/ft 
Concrete shear, 9%, = g2A lp! bd = 0.75X2x1xV3000 x12 x 7 = 6901 lb/ft 


Here, QV, > Vay (ok) 


4. Checking for two way shear (punching shear): 


ee 


2 
Ultimate shear, V,, = 316 psf Xx [coy ~ (S) = 125028 lb 
Punching perimeter, b, = 2 X (25+ 25) = 100 in. 


Concrete shear, VY, = 94A|f,' bod = 0.75X 4x 1x 3000 x 100 x 7 = 115022 lb/ft 


Here, Qu, < Vy, (Not ok) 


_ Flat Plate and Flat Slabs @55, a 


5. Revised thickness: 
.. Minimum thickness, t = 9” 
.od=t-—cc=9-1=8" 


Load calculation: 


Dead load: 


9 
Self weight of flat plate = D xX 150 = 112.5 psf 


Floor finish = 30 psf 
Live load: 
Live load = 100 psf 


Ultimate load, qy, = 1.2 * (112.5 + 30) + 1.6 * 100 = 331 psf 
Checking for one way shear (beam shear): 


8 9 
Ultimate shear, Vy, = 331 psf x (10 “757 =) = 2841 lb/ft 


Concrete shear, pV;, = p2A | fo’ bd = 0.75 X 2X 1 x V3000 x 12 x 8 = 7887 lb/ft 
Here, OK, > Vu, (ok) 
Checking for two way shear (punching shear): 


2 
Ultimate shear, V, 


26 
4g = 331 psf x zon? ra (S) 
Punching perimeter, b, = 2 X (26+ 26) = 104 in. 


= 1,30,846 lb 


Concrete shear, @V;, = p4A | fy’ bod = 0.75 X4X1xV3000 x 104 x 8 = 1,36,712 lb/ft 
Here, PY, > Vu, (ok) 


6. Static moments: 


Gy bla” 
an a 
Qul2ln? 331% 20x (18.5)? 
« Mot = Mos = = eae a 283.21k —ft 


8 8 
7. Summary of moments and steel calculation: 
Long span, M,, = 283.21k —ft; d=8+0.25 = 8.25 in. 
M A 
vfy (d - 5) 0.85je B 
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Moment A;(min) 
coefficients = 0.0018bt 
(in”) 


(-) 


om 
kee 


(-) 


A;(min) | Reinforcement 


= 0.0018bt 


As(in*) 
(in”) 


Moment 
coefficients 


Catan [ [ORHOTS Ba 
mR) | ] 35) 0.60) + 59.47 7 - #5 bars 
Miaale [0 [Oa O25 | -¥6m 
strip +) | (0.35 i : 
08a [EH 


8. Reinforcement detailing: 
Long span, L, = 18.5’ 


0.301, = 5.55’ 6 — #5 bars 6 — #5 bars 
0” 1 +> 
10,201, = 3.7" 


i] 1 

1 i} 

1 ' 1 

i] I 1 

1 ] 1 i] 
| | | as 

' At least two bars should be ‘ t 

! i] 

: ! : 


anchoraged at the exterior support 7 —#5 bars 


Figure: Column strip 
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0.22, = 4,1’ 7 =e #5 bars 
—— 


os 


' 
q 1 0.151, = 2.8" 
1 
i] 
' 


J 
| 
4, — #5 bars 3 — #5 bars 
: 


Figure: Middle strip 


Design of Exterior Panel 


b-4. Design an exterior flat plate (panel 1) for the structure shown in figure below. Edge 
beams are used around the building perimeter, and they are 12 in. wide and extend 
vertically for 8 in. below the plate. Assume a service live load of 80 psf, a service dead 
load of 110 psf including self-weight. Use materials off,’ = 4000 psi and f, = 60,000 psi, 
and normal weight concrete. 


i} 
1 
: b 
! x & 
e Ly LO \ey O*~— Each column 12” X16” 
8 ji ar A x y 
bo | I 
" 2 3 
o lt 
N 
@ O L Edge beam 12 in. wide and 
ae 1 4 projects vertically 8 in. below slab 
i} 
— 
! 


ek a 6 @ 16 ft=96 ft 
Sol?: sd 


6 in. centerline of panel 
le columns 16 ft on center stieoeis! Lee in. + sh = 102 in. al* 


pe 


hy $4h | -(b) Slab dimensions 
12 


use 8 in. 


(a) Edge beam dimensions 
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1. Calculation of ay for exterior panel: 
' As X ys + Ab X Yb 
Centroid of cross — hatched edge beam and slab section = go 
aS b 


we i eee = 655i 
.. Centroid = 20-712 *8 = 6.55 in. 
ae 206.553 12x8.453 8x0.453 
Gross moment of inertia of beam and slab, J, = oo + —— - = 
2 Ip = 4287 in* 
102 x 7? 


Gross moment of inertia slab, J, = a eaiiie 2915.5 in* 


Enlp _ E X 4287 


i iL, S = = SoS El. 0.8 
For exerior panel, a, El, EX 29155 1.47 > 
2. Thickness of flat plate: 
16 
Longer span, l, = 20 — 7 > 18.67’ 
L 18.6712 
:. Minimum thickness, t = — a 6.79" = 7" > 5" 


2d=t—cc=7-1= 6" 


3. Checking for one way shear (beam shear): 


~ 


Ultimate load, q, = 1.2 * 110+ 1.6 * 80 = 260 psf 
| 6 8 
Ultimate shear, V,, = 260 psf x (10 —— - x) = 2297 lb/ft 


Concrete shear, pV, = y2A [fe! bd = 0.75X2x1xV3000 x12 x6 = 5915 lb/ft 


Here, 9%, > Vu, (ok) 
4. Checking for two way shear (punching shear): 


Flat Plate and Flat Slabs |: S905ay 


| 
| 
! 
' 
I 
! 

1 | 20’ 
| 
! 
! 
! 

—— 
(12+d) ! 
! 
Pe 
18 22 
Ultimate shear, V,, = 260 psf x |(20 x16) = (= x =) = 82485 lb 


Punching perimeter, by = 2 X (18 + 22) = 80 in. 
Concrete shear, @Vc, = 942,|f-' bod = 0.75 x 4x 1 x V3000 x 80 x 6 = 78872 lb/ft 


Here, 9%, <V, (ot ok) 


5. Revised thickness: 
:. Minimum thickness, t = 7.5” 
6d=t—cco=7.5—1= 6.5" 


Checking for one way shear (beam shear): 
Ultimate load, q, = 1.2 * 1104+ 1.6 * 80 = 260 psf 


6.5. -3 
Ultimate shear, V,, = 260 psf x (10 => =] = 2286 lb/ft 


Concrete shear, pV;, = y2A_|f,' bd = 0.75 x 2X 1x -V3000 x12 x 6.5 = 6408 lb/ft 


Here, Ve, > Vaz (ok) 
Checking for two way shear (punching shear): 

18.5 © 22.5 
Ultimate shear, V,, = 260 psf x (20 x 16) — (= x —)| = 82448 lb 
Punching perimeter, b, = 2 X (18.5 + 22.5) = 82 in. 


Concrete shear, pV; = 4A | fo! bod = 0.75X 4X1 Xx V3000 X 82 x 6.5 = 87581 lb/ft 
Here, PY, > Vy, (ok) 


6. Static moments: 


Gy Dla? 
=e 
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16 
le L.2 260x%16%(20-—= 
vg, aula? _260%16% (20-9) 1812k—ft 
8 8 
12 
L. 1.2 260x20x(16—=6 
steals! ROD) iss ft 


7. Moment coefficients: 
Interior negative factored moment with edge beam = 0.70 
Positive factored moment with edge beam = 0.50 
Exterior negative factored moment with edge beam = 0.30 
l, 16 ; ; 
For, @ = 1.47 & E96" 0.8 and from interpolation, 
i 
Percentages of interior negative moments taken by column strip = 81% 
Percentages of exterior negative moments taken by column strip = 81% 
Percentages of positive moments taken by column strip = 81% 


8. Summary of moments and steel calculation: 
Long span, M,, = 181.2k—ft; d=65+0.25 = 6.75 in. 


M, _Asfy _ 
M, A;(in*) 
(k— ft.) 


—=—> ar: 2 
~ of, ( ae 0.85f,'b 


Moment 


coefficients = 0.0018bt 


(in’) 


Interior 


a [omen ae 


strip 
(b=8 ft.) 


A,(min) | Reinforcement 


sl ac 102.7 ne Ba 0.65 12 - #5 bars 


column 
(b=4 aes 
Exterior | (-) | (0.30) (0.81) | - iuieck 0 6 - #5 bars 
column 
strip (0.50) (0.81) 9 - #5 bars 
(b =4 ft.) 
Middle 5 - #5 bars 
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9. Reinforcement detailing: 
Long span, l, = 18.67’ 


0.301, = 5.55’ 6 — #5 bars 6 — #5 bars 


! I 
r) 1 t 
' 1 : ' ' 
1 1 1 1 
1 1 
1 1 1 i) 
1 I ' I 
1 i] 1 1 
1 i) i] 
1 At least two bars should be | 
! 
' ' ' 
1 ' ! 
1 ' ' 


anchoraged at the exterior support 9 — #5 bars 


Figure: Interior Column strip 


0.301, = 5.55’ 3 — #5 bars 3—#5 bars 


At least two bars should be 


anchoraged at the exterior support 9.— #5 bars 


Figure: Exterior Colurnn strip 


0.221, = 4.1’ 5—#5bars.... 
ee ey 0 ee 
——e oo — 

uw ene 


ay. 


3 — #5 bars 2 —#5 bars 


Figure: Middle strip 
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2.4.2 Design of Flat Slab - WSD Method 


Pb-5. A parking garage, to be designed as a flat slab structure, is to carry a working live 
load of 200 psf, drop panels 8 ft. square will be used, and each column capital will consists 
of 90° truncated cone with 4 ft. diameter at the drop panel. Columns are spaced 22 ft. on 
centers in each direction. Design the slab for typical interior panel. Use f. = 3ksiandf, = 
20 ksi, and normal weight concrete. [CE-2018] 


Sol": 
1. Load calculation: 
Assume, tz = 8in. 


8 
. Load, w’ =LL+DL=200 +5 x 150 = 300 psf 
2. Thickness of flat slab (t2): 


(i) tz = 4 in. 
L 22x12 

ie sees = 6.6 in. 
So aoa (er ea 

2G w' 
(ii) ty = 0.0242 (1-—) art 

3L fe / 

200 
wt 0.024 x 22 x (1 —~S) ne ee eT 
tz, = 0. a oT = 7. x 
3x22 te 


Let, tz = 28 i. 
And, thickness of drop = 3 in. 
“t, =8+3=1lin<15t, 


3. Moment calculation: 


3 
Total load on panelincluding drop, W = (= x8~x 8) * 150 + (22 X 22) * 300 
“ W = 147,600 lb 


Flat Plate and Flat Slabs 


/ 15 “Jed 
pa (1as—$)2 
; ge =) = 0.97 i 
p= (115-4) =097- 
g0\" 
Moment, M, = 0.09WLF (1 -=) 


x4? 
) = 225,694 lb — ft 


« M, = 0.09 xX 147,600 x 22 x1x (1 — : 
3% 22 


Column strip: 
(—)ve moment = —0.50M, = —112,847 lb — ft 
(+)ve moment = +0.20M, = +45,139 lb — ft 


Middle strip: 
(—)ve moment = —0.15M, = —33,854 lb — ft 
(+)ve moment = +0.15M, = +33,854 lb — ft 


4. Check for depth by moment: 
(a) For d, with max. (-)ve moment: 


Design constants: 
E,  29x106 


Se eS II BD 
E. 57000V3000 
20 20 
r= Is ——= = 14.91 


f. 045x3 1.35 


n 
k = —— = 0.378 
n+r 


k 
pe ie; 
3 
Here, by = qth of the drop panel 


1 
Now, M=> fkjbyd,? 


1 3 

=> 112.847 x 12 = 5x 1.35 x 0.378 x 0.874 x (= 8 12) x dy 
oe d, = 9.2 in. 

d, (provided) = t; -cc =11—1.5=9.5 in.> dy (ok) 


(b) For dz with max. (+)ve moment: 


3 ; 3 l, 
Here, bz = qth of the middle strip = 7z x 2 
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1 
Now, M= 5 fekjbada” 

1 3 
=> 45.139 X 12 = 5X 1.35 x 0.378 x 0.874 x (= 1% 12) % dp? 
in dz = 4.95 in. 
dz (provided) = tz -cc = 8—-1.5 =6.5in.> dz (ok) 


5. Check for depth by shear: 
(a) Punching shear: 


(i) For Ist critical section: The Ist critical section is attained at a distance “. from the face 


of the column capital. 


23 
Dia. of critical section = (Dia. of column capital + d,) = (4 os =) = 4.79 ft 


Developed shear, Vge, = 300 psf x |eezy ~ (a) = 139,800 lb 
Punching perimeter, b, = 7 X 4.79 X 12 = 180.6 in. 

Allowable shear, Vgy = 2 ie bd, = 2 x V3000 x 180.6 x 9.5 = 187,946 lb 
Here, Vay > Vaev (ok) 


ays ss : - eas Wl . ; d 
(ii) For 2nd critical section: The 2nd critical section is attained at a distance = from the 


face of the drop panel. 


6.5 
Side of critical section = (Side of drop + dz) = (8 + -) = 8.54 ft 


Developed shear, Vge, = 300 psf x [(22)? — (8.54)?] = 123,320 lb 
Punching perimeter, b, = 4X 8.54 12 = 409.92 in. 


Allowable shear, Vay, = 2 | fe’ bod, = 2 x V3000 x 409.92 x 6.5 = 291,879 lb 
Here, Vay > Vaev (0k) 


(b) Beam shear: 


b= 22’ 
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; md? m™ xX 42 
Side of equivalent square, a = = ; 


= 3.54 ft 

a 6.5 3.54 
Side of critical section = {(11 —d, —~) = (11 a ae | = B. r 
(( 2 5) ne We head 


Developed shear, Vge, = 300 psf xX (22 x 8.69) = 57,354 lb 


Allowable shear, Vay, = 2 | f-' bd = 2 x ¥3000 x (22 * 12) x 6.5 = 103,388 lb 
Here, Vau > Vaew (ok) 


5. Steel calculation: 


Location Moment, M MM Reinforcement 
(k — ft.) a 


Middle 
strip 
(dz) 


6. Reinforcement detailing: 


0.33ly = 6.6" 10 — #6 bars 9 — #6 bars 


At least two bars should be 
anchored at the exterior support 


11 — #5 bars 
L, = 20" 


la2? === ==h 


Figure: Column strip 
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9 — #6 bars 
0.22In = 4.4' 
}¢———_—_—_—_>| 
'' 9.151, = 3" jo" 


6 — #5 bars 6 — #5 bars 


ly = 20' 


Figure: Middle strip 


Pb-6. Design the column strip of a typical interior panel of a flat slab floor system by WSD 
method, which has to carry a service live load of 100 psf in addition to its own weight and 
typical floor finish on a 20 ft. span in either direction. Drop panels of 8 ft. square will be 
used in conjunction with column capitals in the form of 90° truncated cone. Diameter of 


column capital at the junction of drop panel is 4 ft. Use f. = 4000 psi and fy = 60,000 psi. 


[CE-2019} 
Slab aS = 
Drop panel 
Column capital 
Sol": 


1. Load calculation: 
Assume, tz = 8in. 


8 
Load, w’ =LL+DL=100+ 2 x 150 = 200 psf 


2. Thickness of flat slab (t2): 
(i) C2 = 4in. 

eee”  AOMTE og 
(ii) tz =a," ay ot 


Flat Plate and Flat.Slabs -o7aee 


iii 0.024L (1 =r) ye +1 
(iii) t, = 0. 3L i 
2000 
0.024 x 20x {1 ee aus +1=5.16i 
2, =U. ( -——) 4000/7... = 09. in. 
3% 20 /2000 


Let, tp, = 7 in. 
And, thickness of drop = 3 in. 
atp=7+3=10in<15t, 


3. Moment calculation: 


3 
Total.load on panel including drop, W = (= x 8x 8) * 150 + (20 x 20) * 300 
“« W = 122,400 lb 


Fi = (115 aFe 
= (1. wee 


4 
)=095~1 


2 


ZG. 
Moment, M, = 0.09WLF' (a _ =) 


2 


4 
s My = 0.09 X 122,400 x 20x 1x (1 -—) = 165,485 lb — ft 


Column strip: 
(—)ve moment = —0.50M, = —82,742 lb — ft 
(+)ve moment = +0.20M, = +33,097 lb — ft 


Middle strip: | 
(—)ve moment = —0.15M, = —24,823 lb — ft 
(+)ve moment = +0.15M, = +24,823 lb — ft 


4. Check for depth by moment: 
(a) For d, with max. (-)ve moment: 


Design constants: 
E, 29x 10° 


= — = ——___= 81428 
E, 57000V4000 
fe 04x60 24 
r= 7S = — = 13,33 


f- 045x4 18 


k=—_ = 0375 
n+r 


68a A Handbook of Reinforced Concrete Structures (Part-II) 


F=1 Be 0.875 
i= 3 — Se 
3 
Here, b, = 4 th of the drop panel 


1 
Now, M=> fulcjby dy? 
1 3 
= 82.742 x 12 = 5X 1.8 x 0.375 x 0.875 x (= 8 * 12) x dy? 
“ d, = 6.83 in. 
d, (provided) = t, —cc =10—-1.5=8.5in.2=d, (ok) 


(b) For d, with max. (+)ve moment: 


3 3 LL 
— 7 ] =— x — 
Here, bz = 4 th of the middle strip = 4°35 


1 
Now, M=5 fekjbzdy" 
1 3 
=> 33.097 x 12 => x 18 x 0.375 x 0.875 x (= * 10 * 12) x do” 
2. dz = 3.87 in. 
_d2(provided) = t; —cc = 7-15 =5.5in.> d, (ok) 


5. Check for depth by shear: 
(a) Punching shear: 


. i ; ses a d 
(i) For Ist critical section: The Ist critical section is attained at a distance = from the face 


of the column capital. 


8.5 
Dia. of critical section = (Dia. of column capital + d,) = (4 + =) = 4.71 ft 


x 4.712 
(20)? — (ey = 76,515 lb 


Punching perimeter, b, = m X 4.71 X 12 = 177.6 in. 


Allowable shear, Vg, = 2 Ife bod, = 2x V4000 x 177.6 X 8.5 = 190,951 lb 
Here, Vau > Vass (ok) 


Developed shear, Vge, = 200 psf x 


(ii) For 2nd critical section: The 2nd critical section is attained at a distance = from the 


face of the drop panel. 


si 5. 
Side of critical section = (Side of drop + d2) = (8 tf **) = 8.46 ft 


Developed shear, Vgey = 200 psf x [(20)? — (8.46)”] = 65,686 lb 
Punching perimeter, b, = 4x 8.46 X 12 = 406.08 in. 
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Allowable shear, Vaz, = 2 If! bod, = 2x V4000 x 406.08 x 5.5 = 282,510 lb 
Here, Vau > Vaey (ok) 


(b) Beam shear: 
b = 20’ 

; 7 

i (10 = d2—>) 

<—_______________ >| 

10’ 
md? TX 42 
Side of equivalent square, a= a * = 3.54 ft 
a 5.5 3.54 
i iti ion = —d,-=)= —— —-—]} = 548 ft 

Side of critical section (0 dz >) (10 1D 5 ) f 


Developed shear, Vgey = 200 psf x (20 X 5.48) = 21,920 lb 


Allowable shear, Vaz = Ay bd, =2x~V4000 x (20 * 12) x 5.5 = 166,968 lb 
Here, Vai > View (ok) 


5. Steel calculation: 


Location Moment, M 
(k - ft.) 
Top (-)ve - 82.742 18 - #5 bars 
(a,) | Bottom(+)ve | + 33.097 12 - #4 bars 


Middle Top (-)ve - 24.823 9 - #5 bars 
stri 


Reinforcement 


(dz) 
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| 
| 
| 
| 6. Reinforcement detailing: 
| 
| 


0.331, = 6' 
| : 3 
| o”# +<#———_>| 
| 0.201, = 3.6’ 


At least two bars should be 
anchored at the exterior support 


L, = 18’ 


l, = 18" 


Figure: Middle strip 


Sr aan re Aen wis meee 


7 —#4bars 6 — #4 bars 


19 — #5 bars 


{o" ! 
I 
1 
1 


9 — #5 bars 


12 — #4 bars 
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Chapter - 3 
Footings and Foundations 


SS SS SS SETS 


3.1 Theory Analysis 


Q-1. What are the basic differences between footings and foundations? 
Ans: Foundation is a structure which transfers the loads from the superstructure to the 
ground, while footing is the foundation which is in contact with the earth. A foundation 


can be shallow and deep, while a footing is a type of a shallow foundation. So, all footings 
are foundations but all foundations cannot be footings. 


| Bangla Terminology: Ground level cat# G*ItAF building structure @ super structure | 
ae faces building structure @ sub structure Tt @W! 4B sub structure 4A WG 
| ett grade beams, columns, piles, footings! {at sub structure @-& AF Fata | 
: foundation 4 241 Gla footings Bat A APIS HAPs soil 44 contact-4 Cer ACF | 
| 
| 


Q-2. What are the types of foundations based on depth? Describes the all types of 
foundation with neat sketches. [CE-2019, 2018] 


Ans: There are two types of foundations based on the depth such as: 
(a) Shallow foundation 
(b) Deep foundation 


Foundation Systems 
Shallow Foundation Deep Foundation 


Pile Foundation Pier (Caisson) 
Foundation 


Y v 
Wall footings Combined Cantilever or 
footings strap footings 
| Raft or Mat 
foundation 


Isolated spread 
footings 
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(a) Shallow foundation: The shallow foundation is also known as the footings. Foundation 
which is placed near the surface of the earth or transfers the loads at shallow depth is called 
the shallow foundation. The ratio of depth to width is less than 1. The most common 
shallow foundation or footings are described below: 


(i) Wall footings: It is an enlargement of the bottom of a wall that will sufficiently 
distribute the load to the foundation soil. Wall footings are normally used around the 
perimeter of a building and perhaps for some of the interior walls. 


Figure: Wall footing Figure: Single column footing 


(ii) Isolated or single column footings: It is used to support the load of a single column. 
These are the most commonly used footings, particularly where the loads are relatively 
light and the columns are not closely spaced. They may be square, rectangular, or circular. 


(iii) Combined footings: It usually supports two or three columns loads. Combined 
footings are used when two columns are so close that single footings cannot be used or 
when one column is-located at or near a property line. 


Column Column 
Elevation 
Plan 


Figure: Combined footing 


Footings and Foundations 


(iv) Cantilever or strap footings: It consists of two single column footings connected with 
a single beam or a strap and support two single columns. This types replaces combined 
footing and is sometimes more economical. 


Column Column 
Elevation 


Strap 


Footing Footing 


Plan 


Figure: Cantilever or strap footing 


(v) Mat or Raft foundations: It consists of one footing, usually placed under the entire 
building area and support the-columns of the building. They are used when — the soil 
bearing capacity is low, column loads are very heavy, single footing cannot be used, piles 
are not used, differential settlement must be reduced through the entire footing. 


Columns 


Elevation 


Figure: Mat or Raft foundation 
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(b) Deep foundation: Foundation which is placed at a greater depth or transfers the loads 
to deep strata is called the deep foundation. The ratio of depth to width is greater than 4. 
The most common deep foundations are described below: 


(i) Pile foundations: Pile foundations are usually used for large structures and in situations 
where the soil at shallow depth is not suitable to resist excessive settlement, resist uplift, 
etc. 

(ii) Pier foundations (Caisson): These are hollow substructures that can be constructed 
near or on the ground surface and are sunk to the desired level as a single unit. They have 
an enormous load-carrying capacity and are commonly used for bridges. 


(iii) Cofferdam foundations: A cofferdam is defined as a temporary barrier in or around 
a body of water which allows the process of de-watering, diversion, or damming of water 
within an enclosed area. 


Q-3. What are the differences between shallow and deep foundation? [CE-2019] 
Ans: The differences between shallow and deep foundation are described below: 


Shallow Foundation Deep Foundation 


(i) Foundation which is placed near the | (i) Foundation which is placed at a 
surface of the earth or transfers the loads | greater depth or transfers the loads to 
at shallow depth is called the shallow | deep strata is called the deep foundation. 
foundation. 


(ii) The depth of shallow foundation is 
generally about 3 meters or the depth of 
foundation is less than the footing width. 


(i111) A shallow foundation is cheaper. (111) Deep foundations are generally more 
expensive than shallow foundations. 

(iv) | Shallow foundations are easier to | (iv) The construction process of a deep 

construct. foundation is more complex. 


(v) Shallow foundations transfer loads | (v) Deep foundations rely both on end 
mostly by end bearing. bearing and skin friction, with few 
exceptions like end-bearing pile. 


(ii) Greater than the shallow foundation. 


(iv) Isolated or single column | (iv) Pier foundation, pile foundation, 
foundation, strip or wall foundation, mat | caissons etc. 
foundation, combined foundation etc. 
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3.2 Basic Concepts 


3.2.1 Load Area of Slab: 
(i) For square slab: 


Triangular Load 
on BC wall 


axa 1. a 
Load area of slab on a side wall = Area of OBC triangle = ( 4 ) or, (5 xax =) 


(ii) For rectangular slab: 


__Trapezoidal Load 
on BC wall 


aeons 


‘i 
Load area of slab on a side wall = Area of BCEF trapezium = 3 x {a+ (a—b)}x 3 


3.2.2 Size of Footings: 


Total load P 


(i) Area of footing, A = Bllowatiecelomraine = a 


Total load P 


uD) dea otaenng: = Effective soil pressure _ de 


Here, Effective soil pressure, de = da — Yavg X D 


ASA a 
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evs 
3.2.3 Critical Section of Moment: 


2.) ae pe 


dae wall 


Moment section 


Single column 


Moment section 


v=l+/, es 


| ——_—————$— 
B kK B " I B 
Figure: Wall footing (Brick wall) Figure: Wall footing (Concrete wall) Figure: Single or Combined footing 


(i) For wall footing (brick wall): 
Lever arm of moment, Il’ =1+ fi 
(ii) For wall footing (concrete wall): 


b 
Lever arm of moment, l’ =1+ 5 


(iii) For single or combined footing: 
Lever arm of moment, l’ = 1 


is ; 

| Bangla Terminology: 

| (i) Brick wall 4a C¥t4 wall footing-4 critical moment’ section, wall 44 face cate 
| b/4 distance fete consider Pat Sa! 

| (ii) Concrete wall 44 C¥t4 wall footing-4 critical moment section, wall 44 mid- 
section 4sl4a consider at 2a | 

| (iii) Single column, combined 488 Gsslny footing “4 CFC critical moment section, 
| 

| 

| 

| 


column “4 face 4al4a consider Pat RF! 
* Critical moment Bit GZ moment Aa FAC footing fail Sts! 
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3.2.4 One Way Shear (Wide Beam Shear): 


id 


a a ANC 
Lf, aaa! 


B kK |—____—__—__——>| 


(ld) = 


Figure: Plan of one way shear Figure: Cross — section 


For one way shear (wide beam shear): 
Developed shear, Vgey = dagey X b X (l' — d) = daey X bd 


3.2.5 Two Way Shear (Punching Shear): 


Figure: Plan of two way shear Figure: Cross — section 


For two way shear (punching shear): 
Developed shear, Vgey = qaev X [Af — Ap] 


Here, Ay = Area of footing & A, = Area of punching 
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3.2.6 Development length of Bars: 


A 
(1) Method — I: Developmentlength, Lg = =i (WSD) 
oO 
a 
And, Development length, Lg = (USD) 


Here, 
A, = Area of choosen bar 
f; = Allowable stress of steel 
fy = Ultimate stress of steel 
u = Bond stress of choosen bar* 
Ey = Perimeter of choosen bar = md, 


* Bond stress of different types of bars: 


Bottom bars _4. 8 9.5 
dp 
Top bars _S 4 _ 6. Tf. 


0.02f, 
(2) Method — II: Development length, Lg = dp 


ke 


or, Lg = 0.0003 f,d, = 8 in. 


3 fy YY, 


40 AWE (=the) 


(3) Method — III: Development length, ba = 


3.2.7 Self-weight of Foundation: 

It considers that the self-weight of foundation will be 10 — 15% of the total load on the 
foundation. 

(1) For wall footing, Percentages of self weight = 12% 

(2) For single column or combined footing, Percentages of self weight = 15% 


| 

| Bangla Terminology: Mathematical Analysis tat ret C{TR CA, Foundation self- : 

| weight 44 percentages, wall footing 44 C¥CT 12% 4X single column l 

| footing/combined footing 44 C¥t4 15% consider Pat AT foundation self-weight | 
| 


: check @al% AH Wi satisfy PCA | 


3.3 Solution Techniques 


3.3.1 Wall Footing 
WSD 
1. Load calculation = P 
2. Foundation area, A = a 
Jal 
3. Width of foundation, B = = 
He 
P 
4. Developed soil pressure, = ——. 
p p Te, ddev bx1 


5S. Developed moment, 


Gas, 1" 
Maev => — 


6. Design constants: n, r, k, j 


7. Depth check 
mf 
i) Flexure check, M = 5 fekjba’ 


ii) Wide beam shear check 
Developed shear, Vyey = daey X bd’ 


Concrete shear stress, v = 1.1 [fe 


Allowable shear, V,;, = vbd 


8. Reinforcement calculation: 


M 
i) Longitudinal steel, A, =~ 
Development length check: 
4.8) fe’ 
“u= meat < 500 
dy 
Asfs 
L,= 
a wE, 


-. La(provided) = l' — cc 


ii) Distribution steel, 
A,(min) = 0.0018 bt 


9. Reinforcemnt detailing 
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USD 
1. Load calculation = P 


2. Foundation area, A = —— 
Jal 


A 
3. Width of foundation, B = in 


4, Ultimate soil pressure, 
1.2 DL+ 1.6 LL 


ade bx1 
5. Developed moment, 
dq, * U7 
Maev = = 2 


6. Depth check 
i) Flexure check, 


fe Eu 
= 0,855, =- 
p By a Ee, +e 
M = gpf,bd? (1 — 0.s9p,) 
Cc 


ii) Wide beam shear check 
Ultimae shear, V,, = qy, X bd’ 


Concrete shear stress, v = 29 | (a 
Allowable shear, V,,; = vbd 


7. Reinforcement calculation: 


i) Longitudinal steel, A, = oo 
of (4-3) 
__ Ash 
0.85f,'b 
Development length check: 
9.5 fo’ 
uU= 2ovile < 800 
dy 
i = Asfy 
UE 


- Lg(provided) = l' —cc 
ii) Distribution steel, 
A,(min) = 0.0018 bt 


8. Reinforcemnt detailing 


3.3.2 Single Column Footing 
WSD 


1. Load calculation = P 


2.Foundation area, A = — 


ae 
3. Side of foundation, L = B or VA 
P 
4. Developed soil , = 
eveloped soil pressure, dgev [xB 


5. Developed moment, 


ne A 
Maev = —— 


6. Design constants: n, r, k, j 

7. Depth check 

i) Flexure check, M = 5 fckjbd? 

ii) Wide beam shear check 
Developed shear, Vgey = daey X bd’ 
Concrete shear stress, v = 1.1 | f.' 
Allowable shear, Vz), = vbd 


iii) Punching shear check 
Developed punching force, 

Vaev = Taev X [Ar ba Ap] 
Concrete shear stress, v = 2 | i 
Allowable punching force, Vj), = vb,d 


8. Check foundation self weight 


9. Reinforcement calculation: 
M 


fsjd 


i) Longitudinal steel, A, = 

Development length check: 

ea 4.8. f,' 
— 


_ Ash 
UE 


< 500 


.« Lqg(provided) = l' —cc 
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USD 


1. Load calculation = P 


2.Foundation area, A = 
Galt 


A 
3. Side of foundation, L = Bor VA 


4, Ultimate soil pressure, 


_12DL+1.6LL 


qu = LXB 
5. Ultimate moment, 
ddev x 1? 
| 
= 2 


6. Depth check 
i) Flexure check, 


fe Eu 
= 0.858; — 


M = 9pf,bd* € — 0.599 — 


ii) Wide beam shear check 
Ultimae shear, V,, = q, X bd’ 


fy 


Ss 


ry 


Concrete shear stress, v = 2¢ | f 


Allowable shear, Vg; = vbd 


iii) Punching shear check 
Ultimate punching force, 
Vu = Waev X [Ay — Ap] 


Punching shear stress, v = 49_| fe 


Allowable punching force, Vay, = 
7. Check foundation self weight 
8. Reinforcement calculation: 


i) Longitudinal steel, A; = 


vbgd 


ii) Distribution steel (short direction) 


we 

Moment, Mey = 
Ace M 
> f.jd 


; 200 
Here, A,(min) = ——bd 
fy 


10. Reinforcemnt detailing 
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Development length check: 


9.5 : 
u = SS < 800 
dy 
A 
ut, 


-. Lqg(provided) = l' —cc 


ii) Distribution steel (short direction) 


<i 
Moment, M,, = a 5 
Ss ‘ a 
vy (4 ~ 3) 
- Ah 
0.85 f,'b 


200 
Here, A;(min) = ——bd 
fy 


9. Reinforcemnt detailing 


3.3.3 Combined Footing 
WSD 


1. Load calculation = P 


2. Foundation area, A = — 
Jail 


3.Loadc.g =X 


4, Foundation size 
Foundation length, L = (a+ x) x2 
Foundation width, B = A/L 


P 
5. Developed soil pressure, qgey = 


6. Diagram of SFD and BMD 

7. Design constants: n, r, k, j 
8. Depth check 

i) Flexure check, M == + fekibd 
ii) Wide beam shear check 


Developed shear, 
Vaev = Max. shear force — wd 


Concrete shear stress, v = 1.1 | a 


Allowable shear, V,,,; = vbd 


iii) Punching shear check 
Developed punching force, 
Vaey = column load — (b + d)? X qgey 


Concrete shear stress, v = 2 | te 
Allowable punching force, V,, = vb,d 
9. Check foundation self weight 


10. Reinforcement calculation: 

_M 
fja 

Development length check: 

a) For top bars 

_ 3.4 3.4V fo: 
dy 


i) Longitudinal steel, A, 


< 350 


LXB 
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USD 


1. Load calculation = P 


2. Foundation area, A = — 
Walt 


3.Loadc.g =x 


4. Foundation size 
Foundation length, L = (a+%x) x2 
Foundation width, B = A/L 


5. Ultimate soil pressure, 
1.2DL+1.6LL 


tu LXxB 
6. Diagram of SFD and BMD 


7. Depth check 
i) Flexure check, 


E 
p= 085g, —S 


ty Gut, 
M = opfy ba? (1 - 0.599%) 


ii) Wide beam shear check 
Ultimate shear, 
V,, = Max. shear force — wd 


Concrete shear stress, v = 2 | i 
Allowable shear, Vay = vbd 


iii) Punching shear check 
Ultimate punching force, 
V,, = column load — (b + d)? X qgev 


Concrete shear stress, v = 4¢ | 
Allowable punching force, Vg, = vbod 


8. Check foundation self weight 


9. Reinforcement calculation: 
M, 


ofy (4-5) 


Asfy 
0.85f,'b 


i) Longitudinal steel, A; = 


a= 


UE, 
- La(provided) = x, + b— x2 


b) For bottom bars 
_ 48 i 


-- La(Qprovided) = (a, + x2) —cc 


ii) Distribution steel (short direction) 
Design of transverse beam 

Load on column = P, 

UDL on beam = P,/B 


Effective width of beam = (b + d) 


x 17 
Moment, Mgey — en 
7 M 
° fia 
200 
Here, A,(min) = ——bd 
fy 


11. Reinforcemnt detailing 
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Development length check: 
a) For top bars 


_ 6.7) fo’ 
oi 


u < 560 


Asfs 
ba = UE 
-. Lg(Qprovided) = x,+b—x2 


b) For bottom bars 


9.5 fo’ 
i= LE < 800 
dp 
Asfs 
ta = UE, 


. Lg(provided) = (a, + x2) — cc 


ii) Distribution steel (short direction) 
Design of transverse beam 

Loadon column = P, 

UDL on beam = P,/B 


Effective width of beam = (b + d) 


x [2 
Moment, M,, = a 
deat te 
vf, (d-5 
_ Ashy _ 
0.85f,'b 


200 
Here, A,(min) = ——bd 
fy 


11. Reinforcemnt detailing 
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hes 


3.4 Problem Solution 
3.4.1 Wall Footing - WSD 


Pb-1. A four storied building is shown in figure given below. The allowable bearing 
capacity of soil is 3 ksf at 6 ft. below the ground. Slab thickness = 6 in. Floor finish 
thickness = 2.5 in. of 30 psf dead load. Load bearing wall thickness = 10 in. Live load on 
the building is 40 psf. Design the wall footing of the building. From the design data, 
material strengths are f,' = 3000 psi and f, = 60,000 psi. 

4 


2.5’ parapet wall 


10” brick wall 


10’ 


Sol*: 
Wall footing should be designed for larger wall 
such as AB wall. 


Load coming from super structure on footing: 
(i) Dead load: 
Wall height = 6+2+4+*10+2.5 = 50.5’ 


10 
-. Weight of wall on footing = (sos x x) x 120 = 5050 lb/ft 


or) x © e150 = 4218.75 lb 
4 12 7 fi 


| 4X 4218.75 
.. Weight from slab on footing = — a 1066 lb/ft 


15x i “35 


1 X Tz % 30 = 351.56 Ib 


4X 351.56 
.. Weight from slab on footing = —jse3.— 89 lb/ft 


.. Total dead load on footing = 5050 + 1066 + 89 = 6205 lb/ft 


Weight from slab = ( 


| Weight from floor finish = ( 
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(ii) Live load: 
15x15 
Live load from slab = ( ) x 40 = 2250 lb 
4 xX 2250 
.. Live load from slab on footing = “jeas = 569 lb/ft 


(iii) Self-weight: 
Foundation self weight = 0.10 x (6205 + 569) = 678 lb/ft 
-. Total load on footing, P = 6205 + 569 +678 = 7452 = 7500 lb/ft = 7.5 k/ft 


P 7.5 
Now, Foundation area = — = = 2.5 ft? 
all 


He) 
.. Width of foundation = cs =2.5 ft 3 ft 


a: 
-. Developed soil pressure, qgey = “err in 2.5 ksf 


wl? _ 2.5 x 1.292 


* Maev = 


Design constants: 


E; 29 x 10° 
— = ——_—____. = 9.29 = 9 
E, 57000V3000 


f; 04%60 24 ee 
f. 045x3 135 °° 


T= 


n 
k =— = 0.336 
n+r 


jF=1 K _ 0.888 
j= —_ bs 


Depth check: 
(1) Flexure check: 
1 
1. 
=> 208 X12 = 5 1.35 x 0.336 x 0.888 x 12 x a? 
«dad =3.21 in. 
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(ii) Wide beam shear check: 
Developed shear, Vaey = Yaev X bd’ = 2.5 X 1’ x (1.29 — d) 


; ; 144 
Concrete shear stress, v = 1.1_/f. = 1.1V3000 = 60.25 psi = 60.25 x To00 > 8.68 ksf 


Allowable shear, V,,, = vbd = 8.68x1'xd 


Now, Vaev = Vau 
=>2.5x1'x(1.29-—d)=8.68x1'xd 
d= 0.29 ft = 3.46 in. 


Taking maximum d = 3.46 in. 4 in. 


; (1.29—-d) 
.» Minimum foundation thickness,t =d+cc=4+3=/7in. | ose 
Reinforcement calculation: 
(i) Longitudinal steel 

aM 208% 12 = 593 int/ft 
sid 24x0888xXx4. °° f 
Provide #4 bar @ 8 in. c/c 
Development length check (for #4 bar): 
4.8.) f,' 4.8¥3000 
op SEIS. we Bo 0 “u = ——— = 526 = 500 
dy 0.5 

Asf, 0.2 x 24000 . 

M4 Ue, 500Xm*05 0 ™ 
: 1 1 

« La(provided) = 5 — by —2cc) = 5 x (36 —10 —2* 3) =10in.> Lg (6.11 in.) (ok) 
(ii) Distribution steel 


For shallow foundation, 
A,(min) = 0.0018 bt = 0.0018 x 12 x 7 = 0.1512 in?/ft 


Provide #3 bar @ 8 in. c/c 


Reinforcement detailing: 


#4 bar @ 8 in. c/c #3 bar @ 8 in. c/c 
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Pb-2. A two storied building is shown in the figure given below. The allowable soil bearing 
capacity at the building site is 2.6 ksf. Live load on the building is 40 psf. The concrete 
strength is 3.5 ksi and yield strength of steel is 60 ksi. Slab thickness is 6 inches. Using 
these data — 

(i) Calculate the maximum developed soil pressure under the foundation. 

(ii) Find out amount of reinforcement and also draw reinforcement detailing for the 

foundation. [CE-2017] 


Plan 


Sol®: 
Wall footing should be designed for larger wall of larger room 
dimension such as AB wall. 


Load coming from super structure on footing: 
(i) Dead load: 


Wall height = 6+2*10+2.5 = 28.5 


12’ 


10 
.. Weight of wall on footing = (28.5 x a) x 120 
= 2850 lb/ft 
1 6 
Weight from slab = {5 x (15+ 3)x 6| x D x 150 = 4050 lb 


2 x 4050 

-. Weight from slab on footing = ———— = 512 lb/ft 
(154 73) 
12 | 
1 y Be 

Weight from floor finish = {= x (15 +3) x 6| x 7 x 30 = 338 lb 

. 2x 338 
.. Weight from slab on footing = T5893 = 43 lb/ft 
-. Total dead load on footing = 2850 + 512 + 43 = 3405 lb/ft 


(ii) Live load: 
1 
Live load from slab {= x (15 +3)x 6| x 40 = 2160 lb 
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2 x 2160 
| = 273 lb/ft 


-. Live load from slab on footing = {583 
(iii) Self-weight: 
Foundation self weight = 0.10 x (3405 + 273) = 368 lb/ft 


| -. Total load on footing, P = 3405 + 273 + 368 = 4046 ~ 4100 lb/ft = 4.1 k/ft 


. P 4d 
Now, Foundation area = — = — = 1.58 ft? 
au 2.6 


2 


1 ft 


Aly -- Width of foundation = 


= 1.58 ft = 2 ft 


4. 
-- Developed soil pressure, qgey = are keg 2.05 ksf 


| wl? 2.05 x 0.8? 
i! aay a ge ce OO Le 


Design constants: 
Ey 20 RLF 


Ss 
1 = — = — = 8 
E- 57000V3500 
fe 0.460 24 
= = = —— = 15.24 
fe 0453.5 1.575 


k= a = 0.344 
ante 


j}=1 K _ oges 
i= a . 


Depth check: 
(i) Flexure check: 


1 
M= a fckiba? 


1 
=> 0.66 X12= 3 xX 1.575 x 0.344 x 0.885 x 12 x d? 
- d = 1.66 in. 


(ii) Wide beam shear check: 
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Developed shear, Vgey = qaey X bd’ = 2.05 x 1' x (0.8 — d) 


[at 144 
Concrete shear stress,v = 1.1 /f. = 1.1V3500 = 65.08 psi = 65.08 x 1000 = 9.37 ksf 
Allowable shear, Vaz, = vbd = 9.37 Xx 1'xd 


Now, Vaev = Vau 
= 2.05x 1’ x (08-—d)=9.37x1'xd 
d= 0.144 ft = 1.73 in.<3in. 


Taking maximum d = 1.73 in. = 3 in. 
.. Minimum foundation thickness,t =d+cc =3+2=S5in. 


Reinforcement calculation: 
(i) Longitudinal steel 
_M _ 066x12 
As ~ fjd 24x 0.885 x 3 


Provide #3 bar @ 10 in. c/c 


= 0.124 in?/ft 


Development length check (for #3 bar): 


4.8.) fe’ 4.8V3500 
ee oh S00) ieee a ype BOD 
dy 0.375 


Asfe 01124000 
ba =e, 500X7*0375 ae 


1 sf = | 
- Lqg(provided) = 5 br — by —2cc) = 5% (24-10-—2*2)=Sin.>Lg (4.5 in.) (ok) 


(ii) Distribution steel 
For shallow foundation, 
A,(min) = 0.0018 bt = 0.0018 x 12 x 5 = 0.108 in?/ft 


Provide #3 bar @ 12 in. c/c 


Reinforcement detailing: 


#3bar@10in.c/e #3. bar @ 12in. cfc 


——— 
\" 
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Pb-3. Analysis Problem: An existing foundation under load bearing 15” wall was 56” 
wide and 12” thick reinforced with 12 mm diameter bar @ 6” and 8” c/c parallel to its 
cross and long directions, respectively. It was also found from recorded data that 
f,' is 3 ksi and fy is 60 ksi. 

(i) Calculate the load carrying capacity of the wall foundation. 

(ii) If allowable bearing capacity of soil is 1.6 ksf then find out the safe load 

capacity of the foundation system. [CE-2019] 


Sol®: 

Here, Wall width, b = 15” 

Width of foundation, B = 56” = 4.67’ 

Thickness of foundation, t = 12” 

-. Effective depth, d =t—cc =12-—3=9" =0.75' 


b 
.. Lever arm of moment, lf =1+ Zz = 20.5 + ; = 24.25" = 2.02" 


b= 15" 


Design constants: 
E, 29 x 10° 69946 
n=— = ——_—_ = 9. = 
E, 57000V¥3000 
, 04+*60 24 


fs ge 
Veo aera a5 


n 
k =— = 0.336 
n+r 


p=1  _ 0.888 
= 2° : 


Moment calculation: 
The main reinforcement was provided as 12 mm diameter bar @ 6” c/c. 


; 12x A,, 
Bar spacing, S =——_—— 
As 
12xA;, 12x0.2 ; 
.. Steel area, A, = ———- = = 0.4 in? 


2 6 
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If steel controls, 
Moment, M = A,f,jd = 0.4 x 24 x 0.888 X 9 = 76.72 k — in.= 6.39 k — ft 
If concrete controls, 


1 i 
Moment, M == fckjbd® => x 1.35 x 0.336 x 0.888 x 12 x 9? = 195.76 k — in. 
= 16.31k—ft 


So maximum developed moment, Mgey = 6.39 k — ft 


(i) Check load carrying capacity: 


(a) Flexure check 
xi 
Maev Pa Vdev 
2XMaey 2% 6.39 
* Idev = = = 3022 = 3.13 ksf 
(b) Wide beam shear check: 


Developed shear, Vgey = aey X b x (l' — d) = Qaev X 1’ X (2.02 — 0.75) 
Concrete shear stress, v = 1.1 If = 1.13000 = 60.25 psi = 8.68 ksf 
Allowable shear, V gz, = vbd = 8.68 x 1’ x 0.75 = 6.51 kips 


Now, Vaev = Vat 
= Gace © 1 & (2.02 = 0.75) = 6.51 
&s ddev = 5.13 ksf 


Minimum developed soil pressure, dgey = 5.13 ksf 


ar 


Now, dev = BX1 
». Load carrying capacity, P = 5.13 x 4.67 x1 = 23.96 = 24 kips 


(ii) Safe load capacity of foundation: 
If allowable bearing capacity is 1.6 ksf, 
P 


Foundation area, A =—— 
Yall 


-. Load carrying capacity, P = qgy x (B X 1) = 1.6 x (4.67 x 1) = 7.47 kips 
-. Safe load capacity of the foundation, P = 7.47 kips (Ans) 
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3.4.2 Wall Footing — USD 


Pb-4. A four storied building is shown in figure given below. The allowable bearing 
capacity of soil is 3 ksf at 6 ft. below the ground. Slab thickness = 6 in. Floor finish 
thickness = 2.5 in. of 30 psf dead load. Load bearing wall thickness = 10 in. Live load on 
the building is 40 psf. Design the wall footing of the building. From the design data, 
material strengths are {,' = 3000 psiand f, = 60,000 psi. 

{ 


™ 2.8 parapet wall 


Sol’: 


F £ i) 
Wall footing should be designed for larger wall such as AB wall. 


Load coming from super structure on footing: 
(i) Dead load: 
Wall height = 6+2+4+10+2.5 = 50.5’ 


10 
:. Weight of wall on footing = (sos x =) x 120 = 5050 lb/ft 


' 15x15, 6 
Weight from slab = ( 4 ) x D x 150 = 4218.75 lb 
4x . 
« Weight from slab on footing = g21875 = 1066 lb/ft 


15.83 
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15 x15\ 2.5 
Weight from floor finish = (———) x 2 x 30 = 351.56 lb 


4x35156 oo, 
i583. &? [b/tt 


. Total dead load on footing = 5050 + 1066 + 89 = 6205 lb/ft 


.. Weight from slab on footing = 


(ii) Live load: 
15X15 


Live load from slab = ( ) x 40 = 2250 Ib 


4X 2250 


-. Live load from slab on footing = 
(iii) Self-weight: 
Foundation self weight = 0.10 x (6205 + 569) = 678 lb/ft 


- Total load on footing, P = 6205 + 569+ 678 = 7452 = 7500 |b/ft = 7.5 k/ft 


: P is 
Now, Foundation area = —- = — = 2.5 ft? 
dau 3 
S ft2 
-. Width of foundation = ik = 2.5 ft ~ 3 ft 
ates " =. _ 1.2DL + 1.6LL _ 1.2 x 6205+1.6 x 569+ 1.2 x 678 
timate soil pressure, qy, = 7 = a] 
dy = 3.06 ksf 
12 3.06 x 1.292 
“ M, =—— =" = 2.55k-—ft 
Depth check: 
(i) Flexure check: 
: fiiniEn 0. 2. 0.003 
p = 0.858, —4— = 0.85 x 0.85 X= 5593-4 9005 7 00235 


fy Eut&e 


Now, M = ppfybd* (1 - 059p%,) 
c 
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60 
> 255x 12 =0,90x 0.0135 x 60 x12xd?x (1 ~ 0.59 x 0.0135 x =) 
= 30.6 = 8.748 x d2 x 0.8407 
*@ = 2.09 in. 


(ii) Wide beam shear check: 


15.5”=1.29’ 


*—— >| 


(1.29 —d) 


Ultimate shear, V, = q, x bd’ = 3.06 x 1’ x (1.29 — d) 


Concrete shear stress, v = 2p rs = 2x 0.75 x ¥3000 = 82.16 psi = 11.83 ksf 
Allowable shear, Va), = vbd = 11.83 x 1'xd 


Now, YW = Vau 
= 3.06 x 1’ x (1.29—d) = 8.68x 1'xd 
« @ = 0.336 ft = 4.03 in. 


Taking maximum d = 4.03 in. = Sin. 
-. Minimum foundation thickness,t =d+cc=5+3 = 8in. 


Reinforcement calculation: 


(i) Longitudinal steel 
a Mu 2 SSX 12 
"gy (4-5) 0.90 x 60 x (5-5) 
Asfy A, X 60 


 085f,b 085xX3x12 
i: A, = 0,121 int] ft 
Provide #3 bar @ 10 in. c/c 
Development length check (for #3 bar): 


9.5.1 f,’ 9.53000 
a5 — 2 NSe 800; -. w= ————— = 1387.6 = 800 


dy we eK e7s 


Footings and Foundations (95) { 


Asfy 0.11 x 60000 


ba =e, B00xXn*0.375 


TM 


1 1 ; 
» Lg(provided) = 5 (by — by — 2cc) = 7* (36 —10 —2*3) = 10 in.> Lg (7 in.) (ok) 


(ii) Distribution steel 
For shallow foundation, 
A,(min) = 0.0018 bt = 0.0018 x 12x 7 = 0.1512 in?/ft 


Provide #3 bar @ 8 in. c/c 


Reinforcement detailing: 


#3 bar @ 10 in. c/c #3 bar @ 8 in. c/c 


3.4.3 Single Column Footing — WSD 
3.4.3.1 Square Single Column Footing - WSD 


Pb-5. Design a square single column footing to support a 15 in. square tied column that 
supports a dead load of 100 kips and a live load of 65 kips. The allowable soil pressure is 
1.8 ksf. Material strengths are f,’ = 3 ksiand f, = 60 ksi. (CE-2013 (similar)] 
Sol?: 

Self weight of foundation = 0.15 x (100 + 65) = 24.75 kips 


.. Total load on ground = 100 + 65 + 24.75 = 189.75 kips 


. P 189.75 
Now, Foundation area = — = 
Gall 1.8 


= 105.42 ft? 


-. Size of foundation = V105.42 = 10.27 ft 
Let, Foundation size is 10.5’ x 10.5’ 


189:75 
-. Developed soil pressure, qgey = Tosx105 > 1.72 ksf 
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wl? 1.72 x 4.6252 
Maev aia Sc in 18.4 k—ft 


Design constants: 


E, 29 x 108 
ee ee = d*2709  '*D 
E- 5700073000 
0.4*60 24 
pede eG 
fe 045x3 1.35 


k=—— =0.336 
“ner 


. k 
j=1-7=0888 


Depth check: 
(3) Flexure check: 


1 


1 
=> 184x12= >* 1.35 X 0.336 x 0.888 x 12 x d2 
dad = 9.56 in, 


(ii) Wide beam shear check: 


10.5’ 


Developed shear, Vgey = qgey X bd’ = 1.72 x 1' x (4.625 —d) 


Concrete shear stress, v = 1a ff! = 1.1¥3000 = 60.25 pst = 60.25 x A = 8.68 ksf 
1000 , 
Allowable shear, V,), = vbd = 8.68x 1'xd 
Now, Vaey = Van 


=> 1.72 x 1' x (4.625 —d) = 8.68x1'xd 
da = 0.765 ft = 9.2 in. 
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(iii) Punching shear check: 


10.5’ 


Developed punching force, Vaew = Gaev X [Ay — Ap] = 1.72 x [10.57 — (1.25 + d)?] 


pe 144 
Punching shear stress, v = 2_/f,' = 2V3000 = 109.54 psi = 109.54 x —— To00 ~ = 15.77 ksf 


Allowable punching shear force, Vg = vbod = 15.77 x {4* (1.25+d)} xd 
Now, Vaev = Vau 


=> 1.72 x [10.52 — (1.25 + d)?] = 15.77 x {4*(1.25+d)} xd 
sd =1174 ft = 14.1 in, 


Taking maximum d = 14.1 in. = 14.5 in. 
-. Minimum foundation thickness, t = d+cc = 14.5+ 3 =17.5 in. 
Checking, 
Foundation self weight = (10.5? x =) x 150 = 24.12 kips < 24.75 kips (ok) 
Reinforcement calculation: 
(i) Longitudinal steel 


re M _ 18.4 x 12 
5 fjd 24x 0.888 x 14.5 


Provide #6 bar @ 7 in. c/c 
Development length check (for #6 bar): 


= 0.715 in*/fe 


4.8,/f,' 4.8¥3000 
SEN 2 < s00; a ue CONE S as05 
dy 0.75 


1 Ash 0.44% 24000 
SS SS ee ; tn, 
que,  350.5X2*0.75 . 


:. Lg(provided) = (4.625 x 12) — 3 = 52.5 in.> Lg (12.79 in.) (ok) 


ix. 


1 ode 
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(ii) Distribution steel 
Providing steel as same as longitudinal steel in square single column footing. 


Reinforcement detailing: 


a <7 


#6 bar @ 7 in. c/c 


3.4.3.2 Rectangular Single Column Footing - WSD 


Pb-6. Design a rectangular footing to support a 16 in. square tied column that supports a 
dead load of 100 kips and a live load of 65 kips. The one side of the footing is limited to 8 
ft. The allowable soil pressure is 1.7 ksf. Material strengths are f,' = 3 ksi and fy = 60 ksi. 
Sol": 

Self weight of foundation = 0.15 x (100 + 65) = 24.75 kips 


-. Total load on ground = 100 + 65 + 24.75 = 189.75 = 190 kips 


. P 190 
Now, Foundation area = —- = —— = 111.76 ft? 
au =—-i1.7 


One side of foundation = 8 ft 


11 
.. Other side of foundation = 


= 13.97 = 14 ft 


So, Foundation size is 14’ x 8’ 


Developed soil pressure, qgey 14x08 1.69 ksf 
wl? 1.69 x 6.335? 
‘. Nga S52 Sg = Bal k—ft 
Design constants: 
E; 29 x 10° 


= = = — —.= 929 x 
E, 57000V¥3000 3 


fe 0.4*60 24 
pata == 178 
f. 045X3 1.35 


Footings and Foundations 


Depth check: 
(i) Flexure check: 


1 
M => fokjbd 


a 
= 33.91x12= 5 xX 1.35 x 0.336 x 0.888 x 12 x d? 
- ad = 12.98 in. 


(11) Wide beam shear check: 


—— 
(6.335 -d) 
Developed shear, Vyey = Gaey X bd’ = 1.69 x 1' x (6.335 — d) 


144 
Concrete shear stress, v = 1.1 A = 1.1V3000 = 60.25 psi = 60.25 x 


7 7000 = 8:68 ksf 
Allowable shear, V,,, = vbd = 8.68 x 1'xd 


Now, Vaev = Vau 
=> 1.69 x 1’ x (6.335 —d) = 8.68 x1'xd 
& ad = 1.032 ft = 12.39 in. 


(iii) Punching shear check: 


(1.33 + d) 


Developed punching force, Vaey = Yaev X [Ar — Ap] = 1.69 x [(14 x 8) — (1.33 + d)?] 
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[er 144 
Punching shear stress, v = 2 /f- = 2V3000 = 109.54 psi = 109.54 x 700 15.77 ksf 
Allowable punching shear force, Vay, = vbyd = 15.77 x {4 * (1.33 +d)} xd 


Now, Vaev = Van 
= 1.69 x [(14 x 8) — (1.33 +. d)?] = 15.77 x {4* (1.33 +d)} xd 
d= 1.146 ft = 13.75 in. 


Taking maximum d = 13.75 in. = 14 in. 


-. Minimum foundation thickness,t =d+cc =14+3 =17in. 


Checking, 


17 
Foundation self weight = (14 x8x =) X 150 = 23.8 kips < 24.75 kips (ok) 


Reinforcement calculation: 
(i) Longitudinal steel (in long direction) 


M 33.91% 12 


SOO SO - Uh in 2 
As = Fa = 24x 0888x114 136 in'/fe 


Provide #7 bar @ 5 in. c/c 
Development length check (for #7 bar): 


4.8./f./ 4 = 283000 


u a 500; 0.875 300.5 


_Asfs (0.6 24000 


ae, 3005xn*0875 43 


». La(provided) = (6.335 X 12) — 3 = 73.02 in.> Lg (17.43 in.) (ok) 


(ii) Distribution steel (in short direction) 


wl? 1.69 x 3.3352 
i ls lla mae 
M 94x12 


As = Fa 24x 0.888 x 14 
Provide #6 bar @ 10 in. c/c 


=94k-ft 


= 0,378 in2/ft 


Development length check (for #6 bar): 


4.8./ f.’ 4.873000 
he 4.BV Je <500; --u=——— = 420.65 


d, 0.75 
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A,fe 0.44 x 24000 


oe eS 1 Es ih, 
ue, 420.65 1 * 0.75 = 


La 


.. La(provided) = (3.335 x 12) — 3 = 37.02 in.> Lg (10.65 in.) (ok) 


Reinforcement detailing: 


#7bar@Sin.c/c #6 bar @ 10in. c/c 


Pb-7. Design a rectangular footing for an 18 in. square interior column with a dead load of 
180 kips and a live load of 150 kips. Make the length of the long side equal to twice the 
width of the short side. The allowable soil pressure is 4.0 ksf. Assume the material strengths 
are f,’ = 4 ksi and fy = 60 ksi. The base of the footing is 5 ft. below the grade. 
Sol?: 
Here, Allowable soil pressure, gg, = 4.0 ksf = 4000 psf 
150 + 100 
2 


-. Effective soil pressure, q, = 4000 —5 X 125 = 3375 psf = 3.375 ksf 


Average unit weight of concrete and soil below the grade = = 125 per 


Self weight of foundation = 0.15 x (180 + 150) = 49.5 kips 
-. Total load on ground = 180 + 150 + 49.5 = 379.5 = 380 kips 


_ 380 
q, 3375 


; [112.6 
Short side of foundation, b = se = 7.503 = 8 ft 


-. Long side of foundation = 2x 8 = 16 ft 


Now, Foundation area = = 112.6 ft? =b x 2b 


So, Foundation size is 16’ x 8’ 


380 
-. Developed soil pressure, dgev = ema 2.97 ksf 
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wl? _ 2.97 X 7,25 


* Maev =~ = D) = 78.06 R=ft 
Design constants: 
E, 29 x 10° 
= + = —_____ = 8.04 = 
E, 57000V4000 a 
_ fe  04%60 24 
f, 045x4 18, nae 


k=—=0375 
“ntr 


p=1 : 0.875 
i >= 3 0.87 


Depth check: 
(i) Flexure check: 


1 
M = 5fekjbd? 
Ke 
=> 78.06x*12= 5% 1.8 x 0.375 x 0.875 x 12 x d? 


- d =16.26 in. 


(ii) Wide beam shear check: 


Lo 


16’ }¢——_——>| 
(7.25 —d) 


Developed shear, Vgey = Qgey X bd’ = 2.97 X 1' x (7.25 — d) 


1 144 
Concrete shear stress, V = LI fe = 1.1V4000 = 69.57 psi = 69.57 x a = 10.02 ksf 
Allowable shear, Vay = vbd = 10.02 x 1'xd 
Now, Vaey = Yall 


= 2.97 x 1' x (7.25 —d) = 10.02x1'xd 
» d =1.658 ft = 19.9 in. 
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(iii) Punching shear check: 


Developed punching force, Vaey = qaev X [Ar — Ap] = 2.97 x [(16 x 8) — (1.5 + d)?] 


| 144 
Punching shear stress, v = 2_/f,’ = 2V4000 = 126.49 psi = 126.49 x To00 = 18.21 ksf 


Allowable punching shear force, Vay, = vbpd =18.21x {4*(15+d)} xd 


Now, Vaev = Vau 
=> 2.97 x [(16 x 8) — (1.5 + d)?] =18.21x {4*(15+d)}xd 
2d = 1.573 ft = 18.88 in. 


Taking maximum d = 19.9 in. = 20 in. 
-- Minimum foundation thickness, t = d+cc = 20+ 3 = 23 in. 
Checking, 
Foundation self weight = (16 x8x >) x 150 = 36.8 kips < 49.5 kips (ok) 
Reinforcement calculation: 
(i) Longitudinal steel (in long direction) 


M 78.06 X 12 
Ay = = — = 2:23 in? /ft 


Provide #9 bar @ 5 in. c/c 
Development length check (for #9 bar): 


4.8.) f.’ 4.8¥4000 
=i = . £1... = 
u ” ies 500; u 125 269.85 


_ Ash 10x24000 
ae, 26985Xn*1125 


-. La(provided) = (7.25 x 12) —3 = 84in.> Lg (25.16 in.) (ok) 
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(ii) Distribution steel (in short direction) 


wl2 2.97 x 3.25? 
i a ae 
= 15.69 k—ft 

M 15.69 x 12 
As = Fg = 24 x 0.875 x 20 
= 0.448 in2/ft 


Provide #6 bar @ 11 in. c/c 


Development length check (for #6 bar): 


4.8.) f.' 4.874000 
= ABN Te £500; 2 u={———— = 404.77 
d, 0.75 


_Asfe 0.44 x 24000 


ee SES el ee e914 07 fey. 
due, 404.77 X10 * 0.75 ie 


 Lqg(provided) = (3.25 x 12) — 3 = 36 in.> Lg (11.07 in.) (ok) 


Reinforcement detailing: 


#9bar@5Sin.c/c #6bar @11in.c/c 
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3.4.4 Single Column Footing — USD 
3.4.4.1 Square Single Column Footing —- USD 


Pb-8. Design a square column footing under a 8” diameter circular column that supports a 
dead load of 160 kips and a live load of 160 kips. The foundation is placed 5’ from ground 
level and allowable soil bearing capacity at this level is 2.5 ksf. Use f,' = 3 ksiand fy = 
60 ksi. Follow USD method. [CE-2018, 2013 (similar)] 


Sol": 
Here, Allowable soil pressure, gay = 2.5 ksf = 2500 psf 
150 + 100 
Average unit weight of concrete and soil below the grade = es 125 pcf 


-. Effective soi] pressure, qg = 2500 —5 X 125 = 1875 psf = 1.875 ksf 
Self weight of foundation = 0.15 x (160 + 160) = 48 kips 
. Total load on ground = 160 + 160 + 48 = 368 kips 

368 


P 
Now, Foundation area = A =a a75 = 196.3 ft? 


.. Size of foundation = ¥196.3 = 14.01 ft 


Let, Foundation size is 14.5’ x 14.5’ 


12DL+1.6LL 12x 160+1.6x160+1.2 x 48 
A ine 14.52 


“dy = 2.4 ksf 


.. Ultimate soi] pressure, qy = 


«$4 


14.5’ 


wl? 2.4x 6,915? 
My = —— = ———"——_ = 57.38 k-ft 
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Depth check: 
(i) Flexure check: 
ar 3 0.003 
= 0.852, — = 0.85 x 0.85 x — x ———______ = 
P Par G4e, 60" 0.003 +0.005 — 72145 
Now, M = gpf,bd? (1 ~ 0599”) 
he 
— 57.38 x 12 = 0.90 x 0.0135 x 60x 12x d2x (1 ~0.59 x 0.0135 x =) 
3 
- d = 9.68 in. 


(11) Wide beam shear check: 


14.5’ 


14.5 e+ 
(6.915 -d) 


Ultimate shear, V, = q, X bd' = 2.4 1' x (6.915 — d) 


Concrete shear stress, v = 2¢ [fe = 2 x 0.75 x ¥3000 = 82.16 psi = 11.83 ksf 
Allowable shear, V,), = vbd = 11.83 x 1'xd 


Now, K, = Vau 
= 2.4X1'x (6.915 — d) = 11.83 x1'xd 
»d =117 ft = 14.04 in. 


(111) Punching shear check: 


14.5’ 


(0.67 +d) 


14.5’ 
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mt X (0.67 + da)? 
Ultimate punching force, VW. = qy X [Ag — Ap] = 2.4 X (14.5)? — pore ] 


Punching shear stress, v = so [fe = 4x 0.75 x ¥3000 = 164.32 psi = 23.66 ksf 
Allowable punching shear force, Vy, = vbod = 23.66 x {m X (0.67 +. d)} xd 
Now, Yu = Van 


= 2.4 x [(14.5)? — faa = 23.66x {rx (0.67 +d)} xd 


4222.25 ft = 27 in. 

Taking maximum d = 27 in. 

.. Minimum foundation thickness, t = d+cc =27+3 = 30in. 
Checking, 
Foundation self weight = (145 x 14.5 x =) x 150 = 78.84 kips < 48 kips (Not ok) 
Here, Revised foundation self weight and checked. 


Reinforcement calculation: 
(i) Longitudinal steel (in long direction) 


4 Me 57.38 x 12 

[= ~Srag hae ee a 

vfy(d-5) 0.90 x 60x (27-5) 
Asfy A, xX 60 


O 0.85f..b  085X3x12 


« Ay = 0.514 in?/ft 
Provide #5 bar @ 7 in. c/c 
Development length check (for #5 bar): 


9.5 fe. oy = 2583000 


= SRNIC<-Bfp; = 832.54 ~ 800 
7 ae = ios 


_Asfy __ 0.31 x 60000 


"Te sOOee 


-. Lg(provided) = (6.915 x 12) —3 = 80in.> Lg (11.84 in.) (ok) 


(ii) Distribution steel 
Providing steel as same as longitudinal steel in square single column footing. 
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# x 
eee @ 2 30" 
a ay Say 


14.5’ 
#6 bar @ 7 in. c/c 


Reinforcement detailing: 


3.4.4.2 Rectangular Single Column Footing — USD 


Pb-9. Design a rectangular footing to support a 16 in. square tied column that supports a 
dead load of 100 kips and a live load of 65 kips. The one side of the footing is limited to 8 
ft. The allowable soil pressure is 1.7 ksf. Material strengths are f,' = 3 ksi and fy = 60 ksi. 
Sol": 

Self weight of foundation = 0.15 x (100 + 65) = 24.75 kips 


-. Total load on ground = 100 + 65 + 24.75 = 189.75 = 190 kips 


P. 190 
Now, Foundation area = — = —— = 111.76 ft? 
Gall 1.7 
One side of foundation = 8 ft 
11.76 


.. Other side of foundation = = 13.97=14ft 


So, Foundation size is 14’ x 8’ 


12DL+1.6LL  1.2x100+1.6 x 654+1.2 x 24.75 
A a 14x8 
oe Qu — 2.3 ksf 


-. Ultimate soil pressure, q, = 


wl? 2.3 x 6.335? 


a My Sp = & 4618 k= ft 
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Depth check: 
(i) Flexure check: 
fi" & 3 0.003 


- BE a 85 X — X —_—___ = 0.013 
p = 0.858; fy Gre Di6S * 0.85 0 * 0.003 70.005 at 


Now, M = gpf,bd? (3 — 0.599 &) 
: 60 
= 46.15 x 12 = 0.90 x 0.0135 x 60 x 12 x d? x (1 — 0.59 x 0.0135 x -) 


* a= 8.17%. 


(ii) Wide beam shear check: 


fen 
(6.335 — d) 
Ultimate shear, V, = q, X bd’ = 2.3 x 1' x (6.335 — d) 


Concrete shear stress, v = 29 [fe = 2 x 0.75 X ¥3000 = 82.16 psi = 11.83 ksf 
Allowable shear, V,7, = vbd = 11.83 x 1'xd 


Now, Vi = Vau 
=> 23 %1' x (335. — d= 11.83 x 1 xX a 
“dad = 1.031 ft = 12.37 in. 


(iii) Punching shear check: 


(1.33 + d) 


Ultimate punching force, V, = qu X [Ar — Ap] = 2.3 x [(14 x 8) — (1.33 + d)?] 
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Punching shear stress, v = 49 lie = 4x 0.75 x ¥3000 = 164,32 pal = 23.66 ksf 
Allowable punching shear force, Vay = vigd = 23.66 % (4 (1.33 + d)} x d 
Now, hk. = Vau 


=> 2.3 x [(14 x 8) — (1.33 + d)*] = 23.66 x {4% (1.33 + d)} xd 
«d= 1.074 ft = 12.89 in. 


Taking maximum d = 12.89 in. = 13 in. 
-. Minimum foundation thickness, t =d+cc =13+3 = 16in. 
Checking, 
Foundation self weight = (14 x8x a) x 150 = 22.4kips < 24.75 kips (ok) 
Reinforcement calculation: 
(i) Longitudinal steel (in long direction) 
ee My 46.15 x 12 
vfy(d-5) 0.90x 60x (13 ~5 


ae Asfy _ A, X 60 
 0.85f.'b 085x3x12 


-. A, = 0.858 in2/ft 
Provide #8 bar @ 11 in. c/c 
Development length check (for #8 bar): 


os fp! 

y= 2PNIE < go, 
dp 

__ 9,5¥3000 

= 

_ Asfy 0.79 X 60000 


ia — 
: ug, 520.34 1m* 1.0 


= 520.34 


= 29 in, 


». Lq(provided) = (6.335 X 12) — 3 = 73.02 in.> Lg (29 in.) (ok) 
(ii) Distribution steel (in short direction) 


wl? 2.3 x 3.3352 
“ le aia al a 12:79k—ft 
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ae Me 12.79 x 12 

eS SS ee oe 

gf, (4-5) 0.90 x 60 x (13-5) 
Asfy A, X 60 


 0.85f.'b 0.85x3x12 
Ay = 0.234 in?/ft 
Provide #5 bar @ 15 in. c/c 
Development length check (for #5 bar): 


9.5. f,’ 9.5V3000 
=—** < 800; - u=—————_ = 832.54 = 800 
u a, = 800; -u ME 83 
A 0.31 x 60000 
— Ashy _ = 11.84 in. 


ba = UE,  800Xm* 0.625 
-. Lq(provided) = (3.335 x 12) — 3 = 37.02 in.> Lg (11.84 in.) (ok) 


Reinforcement detailing: 


#8 bar@i11in.c/c #45 bar @ 15 In. c/c 
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Pb-10. Design a rectangular footing for an 18 in. square interior column with a dead loaq 
of 180 kips and a live load of 150 kips. Make the length of the long side equal to twice the 
width of the short side. The allowable soil pressure is 4.0 ksf. Assume the material strengths 
are f,’ = 4 ksi and fy = 60 ksi. The base of the footing is 5 ft. below the grade. 
Sol": 
Here, Allowable soil pressure, qgy, = 4.0 ksf = 4000 psf 
150 + 100 
2 


-. Effective soil pressure, q, = 4000 —5 X 125 = 3375 psf = 3.375 ksf 


Average unit weight of concrete and soil below the grade = = 125 pcf 


Self weight of foundation = 0.15 x (180 + 150) = 49.5 kips 
-- Total load on ground = 180 + 150 + 49.5 = 379.5 = 380 kips 


Now, Foundati a 112.6.ft* = bx 2b 
w, oO — = = 
undation area qe. 3375 ie 
112.6 
Short side of foundation, b = 3 7.503 = 8 ft 


-. Long side of foundation = 2 x 8 = 16 ft 
So, Foundation size is 16’ x 8’ 


1.2DL + 1.6LL _ 12x 180+1.6 x 1504+1.2 x 49.5 
A . 14x 8 
dy =4.6ksf 


-. Ultimate soil pressure, q,, = 


wl? 4.6.x 7.25? 


. M, =— = ————- == 120. = ft 
My => ; 120.89 k-—f 
Depth check: 
(i) Flexure check: 
85 fe _Eu_ = 0.85 x 0.85 x gem SO 0.0181 
p=0. Pave ece- 60° 0.003+0.005 
Now, M = gpf,bd? (2 — 0.59p *) 
c 


60 
= 120.89 x 12 = 0.90 x 0.0181 x 60 x 12 x d? x (1 — 0.59 x 0.0181 x =) 
& d= 12.14 in. 
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(ii) Wide beam shear check: 


16” ‘«—__ 
(7.25 -d) 


Ultimate shear, V,, = q, X bd’ = 4.6 x 1' x (7.25 — d) 


Concrete shear stress, v = 29 | fe’ = 2X 0.75 x V4000 = 94.87 psi = 13.66 ksf 
Allowable shear, Vg1, = vbd = 13.66x1'xd 


Now, \ = Vau 
= 4.6x 1' x (7.25 -—d) =13.66x1'xd 
- d = 1826 ft = 21.92 in. 


(111) Punching shear check: 


Ultimate punching force, Vi, = qu X [Ag — Ap] = 4.6 x [(16 X 8) — (1.54 d)?] 


Punching shear stress, v = 4¢ fe! = 4x 0.75 x V4000 = 189.74 psi = 27.32 ksf 
Allowable punching shear force, Vay, = vbod = 27.325 x {4*(1.5+d)}xd 


Now, Wy = Vau 
= 4.6 x [(16 x 8) -—(1.5+ d)?] = 27.32x {4*(15+d)}xd 
.d =1.605 ft = 19.26 in. 


Taking maximum d = 21.92 in. = 22 in. 


«. Minimum foundation thickness, t = d+cc = 22 +3 = 25 in. 


ae ree 


Checking, 
Foundation self weight = (16 x8x =) x 150 = 40 kips < 49.5 kips (ok) 
Reinforcement calculation: 
(i) Longitudinal steel (in long direction) 
M,  _ ~—-:120.89x 12 
ef (4-$) 0.90 x 60 x (22-$) 


__Asfy | A, X 60 
0.85 f,'b ~ 0.85X4x 12 


A; = 


SAe S127 eft 
Provide #8 bar @ 7 in. c/c 
Development length check (for #8 bar): 


des 9.54000 
ee < 800; ~Uu= to = 600.83 


Asfy 0.79 x 60000 


pe ge en ee DE i, 
4 e,  600.83X2*1.0 = 


-. La(provided) = (7.25 x 12) — 3 = 84in.> Lg (25.11 in.) (ok) 


(ii) Distribution steel (in short direction) 


wl? 4.6 X 3.252 


+ Mgev =~ => = 24.29 k- ft 
jo, eee 
vf, (4-5) 0.90 x 60 x (22-5) 
Asfy _ Asx 60 


~ 0.85f.b 0.85xX4x 12 
* Ag = 0.256 in2/ft 


200 200 
A,(min) = ——bd = ——— x 12 x 22 = 0.88 in?/ft 
5 60000 


Provide #7 bar @ 8 in. c/c 
Development length check (for #7 bar): 


Footings and Foundations we 


95 f' 9.Sv 4000 
u = ——<800; .u =—_—= 67 
ds u 0875 686.67 
Asfy 0.60 x 60000 
= = = 19.07 in. 


L,= SS spate eee 
a ue, 686.67 X2z~0.875 
:. Lg(provided) = (3.25 x 12) — 3 = 36 in. > Ly (19.07 in.) (ok) 


Reinforcement detailing: 


fe 


#8 bar@7in.c/c #7 bar @ 8 in. c/c 


3.4.5 Combined Footing — WSD 

Pb-11. Design a rectangular combined footing to support two 18 in. square columns as 
shown in figure. The C-1 carries DL of 250 kips and LL of 140 kips and the C-2 carries 
IDL of 330 kips and LL of 180 kips. The allowable soil pressure is 3 ksf. Material strengths 
are {./ = 3 ksiand fy = 60 ksi. [CE-2019 (similar), 2018, 2017(similar)} 


Property Line 
“Ct 


Coie 14’ 


Sol": 
Total load of column C1 & C2 = 390 + 510 = 900 kips 


Self weight of foundation = 0.15 x 900 = 135 kips 
-. Total load on ground = 900 + 135 = 1035 kips 


P 1035 5 
Now, Foundation area = — = —~— = 345 ft 
al 3 
390x 0+ 510 x 14 
* f= ————— =7.93 ft (fi C1 
Load c.g 3904510 7.93 ft (from C1) 
Foundation length = (3 + 7.93) x 2 = 21.86 ft 
. Foundati idth = —"- = 15.78 = 16 ft 
-- Foundation width = 7186 7 1978 * re 


So, Foundation size is 21.86’ x 16’ 


1035 


-. Developed soil pressure, daey = ae a 2.96 ksf 


Diagram of SFD and BMD: 


390 kips 510 kips 


135 / 21.86 = 6.18 k/ft 


SFD (kips) 


BMD (k-ft) 


Footings and Foundations osGi7/am 


Design constants: 


Es 29 x 10° 496 6 
|) ( oe er ————— A 
E- 57000V3000 


fe 04*60 24 =r 
ff. 045X%3 #135 °° 


n 
k =—— = 0.336 
ner 


k 
j=1-z= 0.888 


Depth check: 
(i) Flexure check: 
Maximum moment = 677.3 k-ft. 


1 
M = 5 fekjbd? 
Z 
= 677.3 X12= 3 x 1.35 x 0.336 x 0.888 x 16 *12 x d? 
«dad = 14.5 in. 
(ii) Wide beam shear check: 


Maximum shear occurs at interior face of C-2, 
Developed shear, Vygey = 279.18 — 41.18 x d 


Concrete shear stress, v = 1.1 fe = 1.1V3000 = 60.25 psi = 8.68 ksf 
Allowable shear, V,;, = vbd = 8.68x16’xd 


Now, Vdev = Vau 
= 279.18 —41.18 xd =8.68x16'’xd 
* 2 = 18.6 in. 


(iii) Punching shear check: 


(1.5+d) 


The punching shear section is more critical for C-2, 


[4187] A Handbook of Reinforced Concrete Structures (Part-II) 


Developed punching force, Vgey = 510 — (1.5+ d)? x 2.96 


Punching shear stress, v = 2 [fe = 2V3000 = 109.54 psi = 15.77 ksf 
Allowable punching shear force, Vy, = vbgd = 15.77 x {4* (1.5+d)} xd 


Now, Vaev = Van 
= 510 —(1.5 +d)? x 2.96 = 15.77 x {4* (1.5+d)}xd 
d= 2.09 ft = 25.08 in. 


Taking maximum d = 25.08 in. = 26 in. 
.. Minimum foundation thickness, t = d + cc = 26+ 3 = 29 in. 
Checking, 
. 29 
Foundation self weight = (21.86 x 16x =) x 150 = 126.8 kips < 135 kips (ok) 
Reinforcement calculation: 


(a) Longitudinal steel (in long direction) 
(1) For (-)ve moment (top bar) 


aM 6773 x12 - 
“He= Fig 24x0nsexze, -' @ 


200 


Here, A,(min) = — 
ane, Astin) eee Fano 


——— X (16 * 12) X 26 = 16.64 in? 


Provide 14 - #10 bars 
Development length check (for #10 bar): 


wae 3.4V3000 
fe. }.3903 ‘b= og = 147 psi 


E _ 1.27 x 24000 


= & 51,97" 
UE, 147X1m*1.27 cal 


La= 


:. La(provided) = (5.72 + 1.5 — 0.42) x 12 = 81.6” > Lg (51.97") (ok) 
(ii) For (+)ve moment at C-1 


M 123.7 x 12 


Here, A,(min) = 16.64 in? 
Provide 17 - #9 bars 
Development length check (for #9 bar): 


Footings and Foundations (149) 


_ 4.8) f. Bh deus 4.83000 ve 
i ee” Cg 
bes Asfe__1.0X24000__.,, 


ue, 234X7*1125 — 
» Lqa(provided) = (2.25 + 0.42) x 12 — 3 = 29.04" > Lg (29") (ok) 
(iii) For (+)ve moment at C-2 


M 399 x 12 = 
As = = eee = BS 


Here, A,(min) = 16.64 in? 
Provide 17 - #9 bars 
». Lqa(provided) = (4.11 + 1.5 — 0.93) x 12 —3 = 53" > Lg (29") (ok) 


(b) Distribution steel 
Design of transverse beam under interior column: 


16’ 


Load on C-1 = 390 kips 


390 
UDL on beam = aE = 24.375 k/ft 
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26 
Effective width of transverse beam = 1.55+d=1.5+ i 3.67' = 44” 


wl? 24.375 x 7.252 
2: 2 
M 640.6 x 12 
~ fjd 24x 0.888 x 26 


~ Maev = = 640.6 k—ft 


oA, = 13.87 in? 


; . _ 441.27 ; 
Provide 11 — #10 bars with spacing 387 4in.c/c 


For transverse beam under C-2, 


Load on C-2 = 510 kips 


510 
UDL on beam = 6. 31.875 k/ft 


Effective width of transverse beam = 1.5+d = 44” 


wl? 31.875 x 7.252 


2M = —— =Ba77 b= 
dev 2 y) 7.7k ft 
5 LM, SE jaa 
sid 24x0888X26. 
44 X 1.27 


Provide 15 — #10 bars with spacing en 3 in.c/c 


Reinforcement detailing: 


17 — #9 bars 11 — #10 bars 17 — #9 bars 15 — #10 bars 
14 — #10 bars 


Footings and Foundations 


2 


Pb-12. Design a rectangular combined footing for the two columns as shown in figure. The 
allowable soil pressure is 5 ksf. Material strengths are f.’ = 3000 psi and f, = 60000 psi. 


Sol": 


18x18” 20”x 20” 


DL=120k ge DL= 200k 
LL=100k if LL=150k 


C-2 


Property Line 


Lf 
‘ 
' 
i] 
‘ 
! 
! 
' 


12’ 


Total load of column C1 & C2 = 220 + 350 = 570 kips 
Self weight of foundation = 0.15 x 570 = 85.5 kips 
-. Total load on ground = 570 + 85.5 = 655.5 kips 


r 655.5 
Now, Foundation area = —- = —— = 131.1 ft? 
Galt 5 
220 X0+350 x 12 


& oa — = 7, t C1 
Load c.g 720 4350 37 ft (from C1) 


9 
Foundation length = (= i 7. 37) x2= 16.24 ft 


 F dati idth = = Se 9 ft 
-- Foundation wi = F624 4 7 


So, Foundation size is 16.24’ x 9’ 


Design constants: 


655.5 
Developed soil pressure, qgey = Terr ie 4.48 ksf 
E; 29 x 10° Ce 
is = 
E, ~ 57000V3000 
_f _04*60 24 1 _. 
"=F 045x3 135 


n 
k =—— = 0.336 
Ae 


k 
j=1-7= 0.888 
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Diagram of SFD and BMD: 


220 kips 350 kips 


85.5 / 16.24 = 5.26 k/ft 


SFD (kips) 


Depth check: 
(i) Flexure check: 
Maximum moment = 525.9 k-ft. 


1 
M = 5 fekjba? 
1 
= 5259x12= 7) x 1.35 x 0.336 x 0.888 x 9 * 12 x d? 
* @ = 17.03 in. 
(ii) Wide beam shear check: 


Maximum shear occurs at interior face of C-2, 
Developed shear, Vyey = 197.9-— 35.06xd 


Concrete shear stress, v = 1.1 [fe = 1.1V3000 = 60.25 psi = 8.68 ksf 
Allowable shear, V,,, = vbd = 8.68 x 9’ xd 


Footings and Foundations ey 


Now, Vaev = Vau 
=> 197.9-—3506xd=868x9' xd 
ad =1.749 ft = 20.98 in. 


(iii) Punching shear check: 


(1.5 +d/2) 


Punching shear stress, v = 2 If! = 2V3000 = 109.54 psi = 15.77 ksf 


For, C-1 
Developed punching force, Vgey = 220 — {(1.5 + d/,) x (1.5 + d)} X 4.48 
Allowable punching shear force, Va = vbod = 15.77 x {2(15 + 4/) + (15+ a)} xd 


Now, Vaev = Vau 
= 220-{(15+4/,) x (15 +d)}x 4.48 = 15.77x {2(15+4/,)+(5+d)}xd 
d= 1.93 ft = 23.16 in. 


For, C-2 
Developed punching force, Vgey = 350 — (1.67 + d)? x 4.48 
Allowable punching shear force, Vg, = vbypd = 15.77 x {4* (167+ d)} xd 


Now, Vgev = Van 
=> 350 — (1.67 +d)? xX 4.48 = 15.77 x {4* (1.67 4+d)} xd 
.d =152 ft = 18.19 in. 


Taking maximum d = 23.16 in. = 24 in. 


-. Minimum foundation thickness, t = d+ cc = 24+ 3 = 27 in. 
Checking, 


27 
Foundation self weight = (16.24 x9 x =) x 150 = 49.33 kips < 85.5 kips (ok) 


Reinforcement calculation: 
(a) Longitudinal steel (in long direction) 
(i) For (-)ve moment (top bar) 


M 525.9 x.12 


A = —_—_-:- FF ee 
*  f,jjid 24 x 0.888 x 24 


= 12.34 in? 
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Provide 10 - #10 bars 


Development length check (for #10 bar): 


ae 3.4¥3000 
sees S350; #u=—7>7— = 147 psi 


_ Ach _ 1.27 x 24000 
 UEy 147 X0*1.27 


= 51.97" 


». La(provided) = (4.78 + 1.5) x 12 —3 = 72.36" > Lq (51.97") (ok) 


(ii) For (+)ve moment at C-2 (bottom bar) 


A M 144 x 12 Boni? 
Ss Ffjd 24x0888x24 ~~” 
200 200 
Here, A,(min) = oo 50000 ——— xX (9 * 12) X 24 = 8.64 in? 
Provide 9 - #9 bars 
Development length check (for #9 bar): 
4.8, f.' 4.873000 
=— 2 <500; ~u=—= 
dy, ee Sieg eee 
A 1.0 x 24000 

1, Ash ee 


UE ~ 234xm* 1.125 
-. Lq(provided) = (2.65 + 1.67 — 1.13) x 12 —3 = 35.28” > Lg (29) (ok) 


(b) Distribution steel 
Design of transverse beam under interior column: 


For transverse beam under C-1, 
Load on C-1 = 220 kips 


220 
UDL on beam = ar = 24.44 k/ft 


Footings and Foundations 


24 
2% 12 


Effective width of transverse beam = 1.5 +5 =15+ =7.5° = 30" 


wl? _ 24.44 x 3.752 


* Maev = —>- = 2 = 171.8 k— ft 
Bee 171,83. X% 12 = 4.03 in? 
sid 24x0888x24. °° 
; _ 30x 0.60 
Provide 7 — #7 bars with spacing 7 4in.c/c 


For transverse beam under C-2, 


Load on C-2 = 350 kips 


350 
UDL on beam = oS 38.89 k/ft 


Effective width of transverse beam = 1.5+d = 44” 


wl2 38.89 x 3.6652 
ve Meo = > = yar are 
= 261.49 k— ft 


M 261.19 X12 


— i 2 
As = Fa Faxoeeex2a om 


44 xX 0.79 


boy 3 ee 5 in-cfke 


Provide 8 — #8 bars with spacing 


Reinforcement detailing: 


9 —#9 bars 8 — #8 bars 
10 — #10 bars 


4 A Handbook of Reinforced Concrete Structures (Part-I!) 


3.4.6 Combined Footing — USD 


Pb-13. Design a rectangular combined footing to support two 18 in. square columns as 
shown in figure. The C-1 carries DL of 250 kips and LL of 140 kips and the C-2 carries 
DL of 330 kips and LL of 180 kips. The allowable soil pressure is 3 ksf. Material strengths 
are f, = 3 ksi and fy = 60 ksi. [CE-2016] 


Sol?: 


Property Line 


C-1 


Li 


Total load of column C1 & C2 = 390 + 510 = 900 kips 
Self weight of foundation = 0.15 x 900 = 135 kips 
-. Total load on ground = 900 + 135 = 1035 kips 


Fr 1035 
Now, Foundation area = —- = ——— = 345 ft? 

all 3 

390x04+510x 14 
x = —_—_____—_———__ = 7.93 ft 
Load c.g 390 4510 7.93 ft (from C1) 
Foundation length = (3 + 7.93) x 2 = 21.86 ft 
- Foundati idth = ae = 15.78 = 16 ft 
*. Foundation width = ><> = 15.78 ~ f 
So, Foundation size is 21.86’ x 16’ 
1.2DL.+ 1.6LL 


Ultimate soil pressure, q, = 7 


_ 1.2(250 + 330 + 135) + 1.6(140 + 180) 


qu 218616 = S02 st 


Footings and Foundations 
Diagram of SFD and BMD: 


1.2*250+1.6*140 1.2*330+1.6*180 
=524 kips =684 kips 


1.2 * 135 / 21.86 = 7.41 k/ft 


SFD (kips) 


Depth check: 
(i) Flexure check: 
Maximum moment = 910.4 k-ft. 
ke 4 0.003 
= 0. — = 0. 85 Xx — X ————_—_——. = 0.0181 
p= 0858s Fee, be 9.85 Xo * o 003 + 0.005 
Now, M = ypf,bd? (: — 0.599 5) 
fe 
= 910.4 x 12 = 0.90 x 0.0181 x 60 x (16 * 12) x d* x (1 — 0.59 x 0.0181 x=) 
“d= 8.6 in. 


(11) Wide beam shear check: 
Maximum shear occurs at interior face of C-2, 
Ultimate shear, V, = 374.8—55.31xd 


ara 
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Concrete shear stress, v = 2¢ Ife = 2 x 0.75 x ¥3000 = 82.16 psi = 11.83 ksf 
Allowable shear, Va. = vbd = 11.83 x 16’xd 


Now, \, = Vau 
=> 374.8 —55.31xd=1183 x16’xd 
+ = 153’ = 18.4.1. 


(iii) Punching shear check: 


(1.5+d) (1.5+d) 


The punching shear section is more critical for C-2, 


Ultimate punching force, V, = 684—(1.5+ d)? x 3.92 


Punching shear stress, v = 4¢— If = 4x 0.75 x ¥3000 = 164.32 psi = 23.66 ksf 
Allowable punching shear force, Vqy = vbod = 23.66 x {4*(1.5+d)}xd 


Now, \, = Vau 
= 684 — (1.5 +d)? x 3.92 = 23.66x {4*(15+d)}xd 
.d=1.95 ft = 23.41 in. 


Taking maximum d = 23.41 in. = 24 in. 
-. Minimum foundation thickness, t = d+cc = 24+ 3 = 27 in. 
Checking, 
AE 
Foundation self weight = (21.86 x 16x 5) x 150 = 118 kips < 135 kips (ok) 
Reinforcement calculation: 


(a) Longitudinal steel (in long direction) 
(i) For (-)ve moment (top bar) 


a Me 904 x 12 
_ vfy(4-$) 0.90 x 60x (24-5) 


Footings and Foundations { 129, 


Asfy A, X 60 


7 0.85f.b 0.85 x3 x (16 * 12) 
* Ag = 8.62 in? 


200 200 . 
Here, A,(min) = ——bd = xX (16 * 12) x 24 = 15.36 in? 


a 60000 
Provide 13 - #10 bars 
Development length check (for #10 bar): 


6.74) f 6.7V¥ 3000 
dy 1.27 


a A;f; = 1.27 x 24000 92 Att 
Ue 289X1*1.27 


Lg 


». La(provided) = (5.72 + 1.5 — 0.42) X 12 = 81.6" > Ly (26.43") (ok) 
(ii) For (+)ve moment at C-1 
M, 166 x 12 
a 


A ee ae 
"of (a-$ 0.90 x 60 x (24-5 


. Ay A, X 60 
7 0.85f.'b  0.85X 3x (16*12) 


“ A, = 1.54 in? 

Here, A,(min) = 15.36 in? 

Provide 13 - #10 bars 
Development length check (for #10 bar): 


< 800; -u=—~-— = 410 psi 


_ 9.5 fe 9.5¥3000 
ee: 127 


_Asfs _ 1.27 x 24000 
UE 410X2*1.27 


La = 18.6” 


-. Lqg(provided) = (2.25 + 0.42) x 12 — 3 = 29.04" > Lg (18") (ok) 
(111) For (+)ve moment at C-2 
Here, A,(min) = 15.36 in? 
Provide 13 - #10 bars 
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». Lq(provided) = (4.11 + 1.5 — 0.94) x 12 — 3 = 53” > Lg (18") (ok) 


(b) Distribution steel 
Design of transverse beam under interior column: 


16’ 


Load on C-1 = 524 kips 


524 
UDL on beam = ae 32.75 k/ ft 


24 
Effective width of transverse beam = 1.5+d=1.5+ a 35° = 42" 


wl? _-32.75 x 7.25% 


2 Maev = > ; = 860.7 k-ft 
4,=—Me_-_ 860.7 x 12 
vf, (4-5) 0.90 x 60 x (24-5) 
Asfy As X60 


~ 0.85f.'b 085X342 
Ae = 9.11 in? 


Footings and Foundations | 431 | 


42 x 0.79 


Provide 12 — #8 bars with spacing si 3 in.c/c 


For transverse beam under C-2, 


Load on C-2 = 684 kips 


510 
UDL on beam = ae 42.75 k/ft 


Effective width of transverse beam = 1.5+d = 42” 


wl? 42.75 x 7.25" 


~ Maev => 1123.5 k— ft 
aoe — Me SS KL 
" wfy(d-5) 0.90 x 60 x (24-5) 
Asfy _ As x 60 


o 085fb 085X342 


» As = 11.64 in? 
— 421. ? 
Provide 12 — #9 bars with spacing Te. 3 in.c/c 


Reinforcement detailing: 


13 — #10 bars 12 — #8 bars 13:— #10 bars 12 — #9 bars 
13 — #10 bars 
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Pb-14. Design a rectangular combined footing for the two columns as shown in figure. The 
allowable soil pressure is 5 ksf. Material strengths are f,’ = 3000 psi and f, = 60000 psi. 
The bottom of the footing is to be 6 ft. below grade. 


18” x18” 20” x 20” 


Ve DL= 200k 
Yy LL = 150k 


Property Line 


bg 


Sol: 
Here, Allowable soil pressure, qq), = 5 ksf = 5000 psf 


Avg. unit weight of concrete and soil below the grade = (150 + 100)/2 = 125 pcf 
.. Effective soil pressure, qg = 5000 —6 x 125 = 4250 psf = 4.25 ksf 
Total load of column C1 & C2 = 220 + 350 = 570 kips 
Self weight of foundation = 0.15 x 570 = 85.5 kips 
-. Total load on ground = 570 + 85.5 = 655.5 kips 


P6555 


Now, Foundation area = aoe 154.24 ft? 
4 iy Sen Dr Ree ane 
. Loadc.g = 2204350 = 7.37 ft (from C1) 
Foundation length = [5 + 7.37) x2 = 16.24 ft 
a 154.24 
. Foundation width = feoa 9.50 = 10 ft 


So, Foundation size is 16.24" x 10’ 


1.2DL + 1.6LL 
Ultimate soil pressure, qu = — 


1.2(120 + 200 + 85.5) + 1.6(100 + 150) 


* qu 16.24 x 10 Si eae 


Footings and Foundations 


Diagram of SFD and BMD: 


1.2*200+1.6*150 
=480 kips 


1.2*120+1.6*100 
=304 kips 


1.2 * 85.5 / 16.24 = 6.32 k/ft 


SFD (kips) 


BMD (k-ft) 


Depth check: 
(i) Flexure check: 
Maximum moment = 720.7 k-ft. 
5 fe _€u = 0.85 x 0.85 x a ys eee = 0.0181 
Be Pap E,te, “~~ 60 0.003 + 0.005 
Now, M = gpf,bd* (2 — 059%) 
c 
0 
=> 720.7 x 12 = 0.90 x 0.0181 x 60 x (10 * 12) x d? x (1 — 0.59 x 0.0181 x =) 

- d = 9.68 in. 

(ii) Wide beam shear check: 


Maximum shear occurs at interior face of C-2, 
Ultimate shear, V,, = 276.3 — 48.68 x d 


cm 


La derrealeaine 
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Concrete shear stress, v = 29_|f,' = 2 x 0.75 x ¥3000 = 82.16 psi = 11.83 ksf 
Allowable shear, Vay, = vbd = 11.83 x 10’xd 


Now, Vaey = Van 
=> 276.3 — 48.68 x d=11.83 x 10’xd 
~@= 1.65 ft = 19.8 in. 


(iii) Punching shear check: 


(1.5 + d/2) 


Punching shear stress, v = so [fe = 4x 0.75 x V3000 = 164.32 psi = 23.66 ksf 

For, C-1 

Ultimate punching force, V, = 304 — {(1.5 + af) * (1S + a} x 5.5 

Allowable punching shear force, Vg. = vb,d = 23.66 X {2(1.5 + d/,) +(1.5+ a} xd 
Now, VY, = Vau 

= 304-{(1.5+4 d/,) x (5 + d)} x 5.5 = 23.66 x {2(1.5 + q/,)+ (15+ d)}xd 
~d =1.5 ft =18 in. 


For, C-2 
Developed punching force, V,, = 480 — (1.67 + d)? x 5.5 
Allowable punching shear force, Vay = vbod = 23.66 x {4*(1.67+d)}xd 


Now, VY = Van 
= 480 —(1.67+ d)? x5.5 = 23.66 x {4*(1.67+d)}xd 
«ad =1A45 ft =17.4 in. 


Taking maximum d = 19.8 in. = 20 in. 
.. Minimum foundation thickness, t = d+cc = 20+ 3 = 23 in. 


Checking, 
23 
Foundation self weight = (16.24 x 10x =) x 150 = 46.7 kips < 85.5 kips (ok) 


Reinforcement calculation: 
(a) Longitudinal steel (in long direction) 


Footings and Foundations | 135__| 


(i) For (-)ve moment (top bar) 


My 720.7 x 12 

— See fe ae ee Pe ~~ EEN, 

vf, (d-5) 0.90 x 60 x (20-5 
Ais. A, X 60 


7 OB5f.'b 085% 3x (10*12) 
2. Ag = 8.06 in? 


200 


20 
Here, A,(min) = —— bd = ———x (10 * 12) x 20 = 8.0 in? 
; a 60000 


Provide 11 - #8 bars 


Development length check (for #8 bar): 
Tod Fe 6.7V3000 


ks < 560 
——— ; 2u = = 
a. 10 


A,f; 0.79 x 24000 


=S=-e—_——ee > = " 
Ue, 367xX1*1.0 renee 


d = 
. La(provided) = (4.74 + 1.5) x 12 —3 = 71.88" > Lg (16.44") (ok) 


(ii) For (+)ve moment at C-2 (bottom bar) 


jew 224.2 x12 

s = Cay pea ae ca See | aa SER 

vf, (4-5) 0.90 x 60 x (20-5 
_Asfy | A, X 60 


~ 0.85f,'b  0.85x3x(10*12) 
Ags 2:59 in* 


Here, A,(min) = 8.0 in? 
Provide 8 - #9 bars 


Development length check (for #9 bar): 
Sy fe’ 9.5¥3000 


9.5 
= “YC <g00; « u=———__— = 462.5 psi 
E <8 u 1125 462.5 psi 


& 


. La(provided) = (2.65 + 1.67 — 1.13) x 12 —3 = 35.28" > Lg (14.7") (ok) 
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(b) Distribution steel 
Design of transverse beam under interior column: 


g 
2 


10’ 


| 


For transverse beam under C-1, 


Load on C-1 = 304 kips 


304 
UDL on beam = apiat 30.4 k/ft 


d 
Effective width of transverse beam = 1.5 + Ss 15+ oi 2.33 = 26" 


wl? _ 30.4x 4.25% 


2 = —— Ss —_ = 274. — 

Maev =~ ; 55 k—ft 

_ Mn 274.55 X12 

" gf,(d-5) 0.90 x 60 x (20-5) 

_ Asfy As X 60 
o 0.85f.b 085X3x 28 
Ag = 4.04 in* 

28x 0.60 

Provide 7 — #7 bars with spacing aaa = 4in.c/c 


For transverse beam under C-2, 


Footings and Foundations { 


Load on C-2 = 480 kips 


480 
UDL on beam = Eee 48 k/ft 


Effective width of transverse beam = 1.67 + d = 1.67 * 12 + 20 = 40” 
wl? _ 48 x 4,165? 
2 2 
7 M, _ 416.33 x 12 
vfy (4-5) 0.90 x 60 x (20 - 5) 


_ Asfy As X 60 
o 085f.b 0.85X3x40 


* Maev = = 416.33 k-ft 


>. Ag = 4.92 in? 


40 x 1.0 
8.0 


Provide 7 — #7 bars with spacing = 5 u.¢/¢ 


Reinforcement detailing: 


7 — #7 bars 


11 — #8 bars 
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Chapter - 4 
Design of Stairs 


4.1 Theory Analysis 


Q-1. Introduce a staircase as a reinforced concrete structure. Describe the structural 
component of the staircase briefly. 

Ans: Introduction: Stair consists of rises, treads (runs) and landings. The total steps and 
landings are called a staircase. The rise is defined as the vertical distance between two 
steps, and the tread is the depth (width) of the step. The landing is the horizontal part of 
the staircase without rises. | 


Figure 4.1: Section of a staircase 


Description of the structural component: 
i) Tread: The horizontal portion of a step where the foot rests is referred to as tread or run. 
10 in. (250 mm) to 12 in. (300 mm) is the typical dimensions of a tread. 


ii) Rise: Rise is the vertical distance between the adjacent treads or the vertical projection 
of the step. 6 in. (150 mm) to 7.5 in. (190 mm) is the typical dimensions of a rise. 


iii) Going and Landing: Going is the horizontal projection of an inclined flight of steps 
between the first and last rise. A typical flight comprises two landings and one going as 
shown in figure 4.1. To break the monotony of climbing, the number of steps in a flight 
should not exceed 10 to 12. 
The tread-rise combination in a flight can be provided in conjunction with — 

(a) Waist slab or stair slab 

(b) Tread-Rise type (continuous folded plate) 

(c) Isolated cantilever tread slab 
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(d) Double cantilever precast tread slab with a central inclined beam. 


(250 to 300 mm) Landing 
t tread 


1 
(150 to 1990 mm) } (a) Walst Slab Type 
_ riser Rit 


i 
Thickness of 
walst slab t 


(b) Tread-Riser Type 


ae 
Precast or m7 
{ 
ioc ing (c) Isolated Cantilever 
chile Tread Riser Type 
10mm 
overlap 


IE 


(d) Double Cantilever 
Precast Slab on 
Inclined Beam 

Inctined beam 


tt 


ie) Plan of 
mi Stair Flight 


—+Landing»_———- G6 ong ———————-+FLanding- 
Figure 4.2: Typical flight in a staircase 


Q-2. What are the requirements of a good stair? 


Ans: The requirements of a good stair are described below: 
(i) It should be well ventilated. 


(ii) It should be easily approachable. 
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(iii) It should have sufficiently wide landing at the end of each flight. 

(iv) The width of landing should not be less than the width of the stair. 

(v) Rise of the steps should be easy. It should be neither too small nor too large. 
(vi) Steps should be sufficiently wide. 

(vii) Winder steps as far as possible should be avoided. 

(viii) It should be strong durable and stiff. 


Q-3. What are the different types of stairs? Describe the types of stairs briefly. 
Ans: There are different types of stairs, which depend upon mainly on the type and function 
of the building and on the architectural requirements. The most common types are as 
follows: 
(a) Single flight stairs 
(b) Double flight stairs / Dog-legged stairs 
(c) Three or more flights stairs / Open well stairs 
(d) Cantilever stairs 
(e) Precast flight stairs 
(f) Free-standing stairs 
(g) Run-rise stairs 
(h) Spiral stairs 
(i) Helical stairs 
(j) Helicoidal stairs 
(k) Triangular stairs 


(i) Single flight stairs: The structural behavior of a flight of stairs is similar to that of a 
one-way slab supported at both ends (Figure 4.3). When the flight of stairs contains 
landings, it may be more economical providing beams at the junction line between waist 
slab and landing slab. 


Plan 


Figure 4.3: Single flight stair Figure 4.4: Dog-legged stair 


(b) Double flight stairs / Dog-legged stairs: The most common type of stairs arranged 
with two adjacent flights running parallel with a mid-landing (Figure 4.4). For the structural 
analysis of the stairs, each flight is treated as a single flight and is considered supported on 
two or more beams. 
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(c) Three or more flights stairs / Open well stairs: In some cases, where the overall 
dimensions of the staircase are limited, three or four flights may be adopted (Figure 4.5). 
Each flight will be treated separately, as in the case of double flight staircase. 


Three-stair flight Four-stair flight 


Figure 4.5: More flight or Open well stairs 


(d) Cantilever stairs: The stair which is supported by walls or beams and stair steps 
projecting from one side of the wall or beam is said to be cantilever stair (Figure 4.6). In 
this type of stairs, each step acts as a cantilever and the main reinforcement is placed in the 
tension side at the top of the tread and the bars are anchored within the wall or beam. 
Shrinkage and temperature reinforcement is provided in the transverse direction. 


Figure 4.6: Cantilever stairs 


(e) Precast flight stairs: The speed of construction in some projects requires the use of 
precast flights of stairs. The flights may be cast separately and then fixed to cast-in-place 
landings (Figure 4.7). They are designed as simply supported one-way slabs with the main 
reinforcement at the bottom of the stair waist. 
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Anchor bolts 


Figure 4.7: Precast flight stair and its reinforcement 


(f) Free-standing stairs: The stair in which the landing projects into the air without any 
support at its end is said to be free-standing stair (Figure 4.8). The stairs behave in a 
springboard manner, causing torsional stresses in the slab. 


Width of stalrs 


Open space 


Figure 4.8: Free-standing stair 


(g) Run-rise stairs: Run-rise stairs are stepped underside stairs that consist of a number of 
runs (treads) and rises rigidly connected without the normal waist slab (Figure 4.9). This 
type of stairs has an elegant appearance and is sometimes favored by architects. 


Main.bar 


Figure 4.9: Run-rise stair or its reinforcement 
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(h) Spiral stairs: In congested locations, where space available is small, spiral stairs are 
ideally suited. A typical spiral staircase comprises a central post with precast slab treads 
anchored to the central column (Figure 4.10). It is not user friendly due to the reduced tread 
width near the port and is suitable only for single person to use the staircase at a time. 


Figure 4.10: Spiral stair Figure 4.11: Helical Stair 


(i) Helical stairs: The stair which is three-dimensional structure, has a circular shape in 
plan and may be supported at some edges within adjacent walls is said to be helical stairs 
(Figure 4.11). The main longitudinal reinforcement consists of helical bars placed in the 
concrete waist slab of the stairs and runs from the top landing to the bottom support. The 
transverse reinforcement must be in a closed stirrup form to resist torsional stresses or in a 
U-shaped lapped at about the mid width of the stairs. 


(j) Helicoidal stairs: The stair which is built as a ramp following the helicoidal curve with 
supports at ground and first floor or with intermediate supports involves ngorous structural 
computations for the determination of design moments and shear forces is said to be 
helicoidal stair (Figure 4.12). 


LS 
wi 72 
WY} 


MY, 
YM 


ND 
\\ 
\ epee ORTATTERT ETAT 
N PLLC 
\ hi 


Figure 4.13: Triangular Stair 


(k) Triangular stairs: The stair in which three flights are connected in triangular shape 
and makes a triangular open space is said to be triangular stair (Figure 4.13). 
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Q-4. What are the differences between spiral and helical stair? 
Ans: The differences between spiral and helical stair are described below: 


Spiral stair Helical stair 


i) Spiral stairs have a central column. 
column. 

ii) It is not user friendly due to the | ii) Ithas more spaces than a spiral stair 

reduced tread width near the port. and more user friendly. 


4.2 Basic Concepts 


4.2.1 Effective Span and Support Condition of Stair: 

The effective span of the stair slab depends on the position of the supports over on which 
the slab rests. Depending upon the method of support provided, the stair slab may be 
divided into two types: 

(i) Stair slab spanning longitudinally (along the slope line) 

(ii) Stair slab spanning transversely (slab width wise with central or side supports) 


(i) Stair slab spanning longitudinally: 
The effective span in longitudinal direction is considered in between the center to center of 
supports as the following distance: 

Beam Beam 


Figure 4.14: Stair slab spanning longitudinally 


(a) Where the supported at top and bottom risers by beams spanning parallel with the risers, 
the distance c/c of beams. 

(b) Where spanning on the edge of a landing slab, which spans parallel to the risers, a 
distance equal to the going of the stairs plus at each end either half the width of the landing 
or one meter, whichever is smaller. 

(c) Where the landing slab spans in the same direction as the stairs, they should be 
considered as acting together to form a single slab, the distance c/c of beams. 


(ii) Stair slab spanning transversely: 
The effective span in transverse or horizontal direction is considered as the following 
distance: 
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(a) Slab supported between two edges beamis are walls. [Figure 4.15 (a)] 
(b) Slab cantilevering on either side of a central beam. [Figure 4.15 (b)] 
(c) A cantilevered slab from a wall or a spandrel beam. [Figure 4.15 (c)] 


(a). Slab Supported on Edge Beam or Walls 


++ width of Hight —_———+ 
at 


t >75-80mm 
+ 


Central 
beam 


{(b) Slab Cantilevered From a Central Beam 


Width of flight (span = L) ————} 


t>7)- 80mm. 


(c) Slab Cantilevered From .Walt or Beam 


Figure 4.15: Stair slabs spanning in transverse direction 


| Bangla Terminology: 

! Stair “t Beam design Patt AAA Ol A span CTsat AUCH, Wiest cleH YS Ae 

' support 44 OY 6” Pca fowrs Afeca 4at Ba adis effective span, given span CATS 
! 

i} 

| 


always 1' Pi Ba! 
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4.2.2 Minimum Thickness of Stair Slab or Waist Slab: 


Minimum thickness, tin = 
USD 
L 
25 
i 
30 


ee 
Simply supported L 
bated Seen Bee 
ee aS 
Both ends continuous L L 
hail ee ES as 
i 
“In USD 20, 24, 28 increasing by 4. (Design is very easy) 


“L = span length of a panel 
“In WSD 25, 30, 35 increasing by 5. 


4.3 Solution Techniques 


4.3.1 Stair Slab Spanning Longitudinally 
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4.3.1.1 Double Flight Stairs / Dog-legged Stairs 


WSD 


1. Thickness of stair slab 

Stair effective span length, L 

Stair length, S 

According to support condition of the stair, 


i 
.. Thickness of stair slab, t = — 
* 


2.Stair height, h 
.. Stair inclined length, 1 = /S2 + h2 


3. Load calculation 
i)Dead load 

Self weight of stair slab 
Weight due to stair step 
ii) Live load 


4. Diagram of SFD and BMD 
Considering unit (1 ft or 1 m) strip 


5.Design constants: n, rT, k, j 
6. Depth check 

j ome 
M= 2 fcekjbd? 


7. Reinforcement calculation 
i) Longitudinal bar 


“. A,(+ve) = fjd 
M 
a As — = - 
ees 


Here, A; (min) = 0.0018 bt 
ii) Distribution bar, A, (min) 


8. Shear Check 

Developed shear, Vgeyc1) = Ry — Wid 
Vaev(2)r = Ry — wid 

Vaev(2)L = R; —w2d 


USD 


1. Thickness of stair slab 

Stair effective span length, L 

Stair length, S 

According to support condition of the stair, 


L 
.. Thickness of stair slab, t = “~ 


2. Stair height, h 
.. Stair inclined length, 1 = -¥S2 + h2 


3. Load calculation 
i)Dead load 

Self weight of stair slab 
Weight due to stair step 
ii)Live load 


4. Diagram of SFD and BMD 
Considering unit (1 ft or 1 m) strip 


5. Depth check 


fe Bi 
= 0.858, — 
, By fy Eut€e 
fe 2 fy 
M= ppfybd 1-— NSB ae 
Cc 


6. Reinforcement calculation 
i) Longitudinal bar 


200 
Here, A, (min) = —— bd 
fy 
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ii) Distribution bar, A i 
Allowable shear, Vay = 1.1./f,' bd Dee . él ¢ (iin) 

9. Beam design (if need) Developed shear, Vgeu(1) = Ry — wid 
i) Load calculation Vaev(2)r = Ro — Wid 

ii) Diagram of SFD and BMD Vaev(2), = R2 — Wad 


iii) Depth check 
1 
M= 3 fekjbd? 


iv) Reinforcement calculation 
M 


Allowable shear, V,1, = 29 | f.' bd 


8. Beam design (if need) 
i) Load calculation 


A; = Fjd ii) Diagram of SFD and BMD 
s] iii) Depth check 
10. Reinforcement deatiling p = 0.858, ae 


fy Eut&e 


M = opf,bd? € —0:59p 5) 


c 
iv) Reinforcement calculation 


of (4-§) 


a = _Asfy _ 
0.85f-'b 


“A 


9. Reinforcement deatiling 


4.3.1.2 Three Flight Stairs 
WSD 


1. Thickness of stair slab 

Stair effective span length, L 

Stair length, S$ 

According to support condition of the stair, 


L 
.. Thickness of stair slab, t = = 


2.Stair height, h 
.. Stair inclined length, | = /S2 + h2 


3. Load calculation 
i)Dead load 

Self weight of stair slab 
Weight due to stair step 
ii) Live load 


4. Diagram of SFD and BMD 
Considering unit (1 ft or 1 m) strip 


5. Design constants: n, 7, k, j 
6. Depth check 
1 ee 
M= 3 f-kjbd 
7. Reinforcement calculation 
i) Longitudinal bar 
A,(+ve) = 


in 


» As(—ve) = ar 7 (if need) 

Here, A; (min) = 0.0018 bt 

ii) Distribution bar, A, (min) 

8. Shear Check 

Developed shear, Vgey(1) = R, — Wid 
Vaev(2)R = R,-wy,d 

Vaev(2yt = Rz — W2d 


Allowable shear, Vay = 1.1.|f,' bd 
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USD 


1. Thickness of stair slab 

Stair effective span length, L 

Stair length, S 

According to support condition of the stair, 


L 
.. Thickness of stair slab, t = - 


2. Stair height, h 
-. Stair inclined length, 1 = ¥S2 + h2 


3. Load calculation 

i) Dead load 

Self weight of stair slab 
Weight due to stair step 
ii) Live load 


4. Diagram of SFD and BMD 
Considering unit (1 ft or 1 m) strip 


5. Depth check 


M = gpfybda? (1- 0.59p i) 
6. Reinforcement calculation 
i) Longitudinal bar 

M. 
“ As(+ve) = —— 
of, y fy (d-$ aa } 


= Asfy 
0.85f,'b 


My 


of, (4-5) 


A;(—ve) = 


200 
Here, A, (min) = —— bd 
fy 


ii) Distribution bar, A, (min) 


7. Shear Check 
Developed shear, Vgey(1) = Ri — wid 
Vaev(2)R = R2- w,d 


9. Beam design (if need) 
i) Load calculation 
ii) Diagram of SFD and BMD 
iii) Depth check 
il 
iv) Reinforcement calculation 
M 

A. = ay 

> fsjd 


10. Reinforcement deatiling 


* = constant from code [see section 4.2.2] 
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Vaev(2), = R2 — w2d 


Allowable shear, Vay, = 2¢ | f.' bd 


8. Beam design (if need) 
i) Load calculation 
ii) Diagram of SFD and BMD 


iii) Depth check 
fe Eu 
= 0.858; — 
Pp By f E,+&p 
M = gpf,bd? (: _ 0s9p%,) 
Cc 
iv) Reinforcement calculation 
M, 
., As = 
fy (4-3) 
_ le 
~ 0.85f2'b 


9. Reinforcement deatiling 


4.3.2 Stair Slab Spanning Transversely 
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4.3.2.1 Cantilever Slab Span from Edge Wall or Beam 


WSD 


1. Thickness of stair slab 

Stair effective span length, L 

Stair length, S$ 

According to support condition of the stair, 


A 
-- Thickness of stair slab, t = — 
* 


2.Stair height, h 
-. Stair inclined length, | = /S2 + h2 


3. Load calculation 
i)Dead load 

Self weight of stair slab 
Weight due to stair step 
ii) Live load 


4. Diagram of SFD and BMD 
Considering unit (1 ft or 1 m) strip 


wl? 
-- Design Moment, M = 7 


5.Design constants: n, r, k, j 
6. Depth check 

M= : f-kjbd? 

7. Reinforcement calculation 

i) Longitudinal bar (top bar) 

+ Ag(—ve) = 


fjd 


Here, A, (min) = 0.0018 bt 
ii) Distribution bar, A, (min) 


8. Shear Check 
Developed shear, Vy. = R — wd 


Allowable shear, Vay = 1.1 |f,' bd 


9. Beam design (if need) 
i) Load calculation 
ii) Diagram of SFD and BMD 
iii) Depth check 
A 

M= 3 fekjba? 
iv) Reinforcement calculation 
ae M 

* id 


10. Reinforcement deatiling 


* = constant from code [see section 4.2.2] 
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4.3.2.1 Cantilever Slab Span from Central Beam 


WSD 
1. Thickness of stair slab 


B 
Stair effective span length, L = 7 
Stair length, S$ 


According to support condition of the stair, 


5 
:- Thickness of stair slab, t = = 


2. Stair height, h 
-. Stair inclined length, | = /S2 + h2 


3. Load calculation 
i)Dead load 

Self weight of stair slab 
Weight due to stair step 
ii) Live load 


4. Diagram of SFD and BMD 
Considering unit (1 ft or 1 m) strip 


; wl? 
.. Design Moment, M = ss 


5. Design constants: n, r, k, j 
6. Depth check 

ad 
M= 3 f-kjbd? 


7. Reinforcement calculation 
i) Longitudinal bar (top bar) 
As(—ve) = = 
* —ve) =—— 
: fajd 
Here, A, (min) = 0.0018 bt 
ii) Distribution bar, A, (min) 


8. Shear Check 
Developed shear, Vgey = R-—wd 


Allowable shear, Vj. = 1.1 Fog bd 


9. Beam design (if need) 

i) Load calculation 

ii) Diagram of SFD and BMD 
iii) Depth check 


Looe 
M= 5 fc-kjbd? 
iv) Reinforcement calculation 


pene 
ee 


10. Reinforcement deatiling | 


* = constant from code [see section 4.2.2] 


4.4 Problem Solution 
4.4.1 Stair Slab Spanning Longitudinally - WSD 
4.4.1.1 Double Flight Stairs / Dog-legged Stairs - WSD 
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Pb-1. Design any flight of the following stair and show reinforcement detailing. The 
dimension of the beams are 10” x 18” and height of each riser is 6 . Live load on stair is 
80 psf. Use materials of f.. = 4000 psi and f, = 60,000 psi. Follow WSD method. [CE-2014] 


Beam Beam 


t 
BAS 
& 

’ 
tes 
t, 

A 

a 
ae 
:: 
Ba 
. . 
4 

“tl 
‘ 

( 

ct 

iy 


Sol": 
Stair span length, L = 6" + (11 * 10") +6” =122” = 10.2’ 


Stair length, 5 = 10.2’ 


Since the support condition of the stair is both end continuous, 


L aN Cane 
Ce ee eee 


Stair height, h = No.of rise x Riser = (11+1) xX6=72" = 6’ 


.. Stair inclined length, 1 =/S2 +h? = 10.22 + 62 = 11.83’ 


-. Thickness of stair slab, t = 


Load Calculation: 
Dead load: 


Self weight of stair slab = = x 150 = 50 psf 


gh 6H 
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€ a5 °) 
2/150 = 37.5 psf 
12 


Weight due to stair step = 


Live load: 
Live load = 80 psf 


Considering 1 ft. strip along stair span length, 


“8 = 194 Ib/ft 
(50+80)X1’=130 lb/ft 


(50 + 37.5 + 80) x 1’x 


(50+80)x1’=130 Ib/ft 


1379.4 Ib 1379.4 Ib 


SFD (Ib) 


BMD (Ib-ft) 


Design constants: 
Ey 29 x 10 


= = = —__—. = 8.04% 
E. 5700074000 . 
fe 04*60 24 
r= — = 13,33 


f- 045x4 18 


jf¢ 2 8575 
“n+tr 
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p=1 K _ 0.875 
Pe a ‘ 


Depth check: 
1 
1 
= 1.938 X12 = 3 x 1.8 x 0.375 x 0.875 x 12 x d? 


« d = 2.56 in. = 3 in. 
dprovidea = t-—cC = 4—1=3in.=d (ok) 


Reinforcement: 
Longitudinal bar: 
M 1.938 x 12 


fjjd  24X0875x3 
Provide #4 bar @ 7 in. c/c 


M _ 0.585 x12 
fijjd 24x0.875x3 


Provide #3 bar @ 11 in. c/c 


-- Ag(+ve) = = 0337 int/ft 


» A,(—ve) = = 0111 in2/ft 


Here, A, (min) = 0.0018 bt = 0.0018 x 12 x 4 = 0.0864 in?/ft 


Distribution bar: 
A, (min) = 0.0864 in?/ft 
Provide #3 bar @ 45 12 in. c/c 


Shear check: 
Developed shear, Vge, = R — wd 


3 
Vaev(u) = Ry — Wid = 1379.4 — 130 x T= 1347 lb 


3 
Vaevcr) = Ry — W2d = 1379.4 — 194 x Tp = 1331 lb 


Allowable shear, Vg, = 1a |p! bd = 1.1 x ¥4000 x 12 x 3 = 2505 lb > Vaey (ok) 


Beam design: 

Here, 

Beam width, b = 10” 

Beam height, h = 18” 

-- Beam span, L = 6” + (3'4+ 6" + 6" +3+6") +6" =102" = 8,5’ 


Load Calculation: 

Dead load: 

0x18 
144 


q 
Self weight of beam = x 150 = 188 lb/ft 
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Load from landing slab or stair slab = 50 psf 


Load from stair = (50 + 37.5) = 87.5 
Live load: 
Live load = 80 psf 


-. Load from landing on beam = 188 + (50 x 3.5) + (80 x 3.5) = 643 lb/ft 


-. Load from stair on beam = 188 + (87.5 + 80) x — = 1179 Ib/ft 


ee a ee ee ee ee Ce Ce. mee eee a ee 


| 

| ACT Tet At Steet, Beam 4 load calculation Fata AAA AfOfo psf load CF Beam 4 
| transverse direction 44 dimension fal et PATS AA Alt ACA stair AA load half 

. PA YS ACT beam Vt carry PAS! 


4876.75 Ib 4876.75 Ib 


SFD (Ib) 


BMD (|b-ft) 


Depth check: 
1 
M= a fekjba? 


1 
=> 10.095x12 = 5 x 1.8 x 0.375 x 0.875 xX 10 x d? 


“d= 6.4in. = 7 in. 
Aprovidea = h-— cc =18—2=16in.=d (ok) 
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Reinforcement: 
M 10.095 x 12 


~Fjd 24x 0.875 x 16 


= 0.361 in? 


“Als 


Provide 2 - #4 bars 


Reinforcement Detailing: 


#3 bars @11"c/c 


#3 bars @12"c/c 


#4 bars @7" cfc 
#3 bars @12"c/c 


Pb-2. Design and draw reinforcement detailing of the following stair case. Live load on 


stair is 80 psf. Floor to floor height is 11’-0’’. Use f = 3.5 ksi and f, = 60 ksi. [CE-2019, 
2010] 


Sol!: 

Stair span length, L = 6 + 6'+10'+ 6” = 204" =17' 
Stair length, S = 10’ + 6” = 10.5’ 

Since the support condition of the stair is one end continuous, 


-. Thickness of stair slab, t = dee = a = 6.8" = 7" 


30 30 


= 
' 
| 
al 
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1" 
Height of each flight = ae Sb = 66" 
Here, No.of trade (run) = 10 & No.rise=10+1=11 
we Ri =o = 6" 
iser=—7 


-. Stair inclined length, 1 = /S2+h2 = ¥10.52 + 5.54 = 11.85’ 


les h=5.5’ 


Load Calculation: 
Dead load: 


7 
Self weight of stair slab = D x 150 = 87.5 psf 


(e + °) 
Weight due to stair step = 7 


x 150 = 37.5 psf 


Live load: 
Live load = 80 psf 


Considering 1 ft. strip along stair span length, 


11.85 
(87.5 + 37.5 + 80) xX 1'x 


= 232 |b/ 


10.5 


ft 
(87.5+80)X1’=167.5 Ib/ft (87.5+80)X1’=167.5 lb/ft 


1500 Ib 2896 Ib 


SFD (Ib) 


BMD (|b-ft) 
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Design constants: 
By 29 x 10° 


~ E.  57000V3500 ~ 


fe_ 04*60 24 
""% 045x35 1575 °7 


n 
k = —— = 0.344 
a+r 


p= 1 . = 0.885 
J ne 3 = 
Depth check: 

2 
M= zfekiba* 


1 . 
= 6575 x12 = 3X 1575 x 0.344 x 0.885 x 12 x d? 


~ d@ =5.24in.= 5.5 in. 
dprovidea = t—€C =7—-1=6in.>d (Ok) 


Reinforcement: 
Longitudinal bar: 


ad pes! CSOT a ere apa, 
vee Ee SAK OOBSH ES OT TE 


Provide #6 bar @ 7 in. c/c 


M 2.264 X12 


+ As(—ve) = 5 = 94% 0.885 x55 


= 0.233 in?/ft 
Here, A, (min) = 0.0018 bt = 0.0018 x 12 x 7 = 0.1512 in?/ft 


Provide #4 bar @ 10 in. c/c 


Distribution bar: 
A, (min) = 0.1512 in?/ft 
Provide #3 bar @ 8 in. c/c 


Shear check: 
5,5 
Developed shear, Vgey) = Ry — W,d = 1500 — 167.5 x a 1423 lb 


5.5 
Vaev(2)R = Rz — w,d = 2896 — 167.5 x a 2819 lb 


5,5 
Vaev(2)L = R2 — Wed = 2896 — 232 xis = 2790 lb 


Allowable shear, Vj) = 1.1_/f,' bd = 1.1 x V3500 X 12 x 5.5 = 4295 Ib > Vaey (ok) 
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Reinforcement Detailing: 
#4 burs @ 10"c/c 


ro, 


#3 bars @ 8"'c/c 


OO 
RC beam 


#3 hars @ B''c/c 


6 bars @7" c/c 


Ve 
#3 bars @8"c/c 


Load bearing wall 


Pb-3. Design a typical flight of the staircase shown in figure below, which is a part of a 
multistory building. The height between the concrete floors is 10 ft. The stair are supported 
at the ends of the landings and carry a live load equal to 120 psf. Use f,’ = 3 ksi and f, = 


60 ksi. 
10x 12" eee 
LE SETS EL Ey 
10 X 6" risers 
='60”" 
Qruns X 12” 
= 108" 
O aah a aa AA! 2 _e 
1" j<-4'0" 9’0" —___>l<—-4'0"-» i" 
19'0" 
Sol?: 


Stair span length, Lh 6" 4+ 4' +9 + 4' +6" = 216" = 18’ 
Stair length, S = 9’ 
Since the support condition of the stair is simply supported, 


L 216” 
-. Thickness of stairslab, t = oe Ge = 8.64" =~ 9" 


Design of Stairs ; 161. 


Stair height, h = No.ofrise x Riser = 10 x 6” = 60” = 5’ 


-. Stair inclined length, | = /S2 +h? = 92 +52 = 10.3’ 


Load Calculation: 
Dead load: 


9 
Self weight of stair slab = D x 150 = 112.5 psf 


= 


ae 
———. * 150 = 37.5 psf 


Weight due to stair step = 12 


Live load: 
Live load = 120 psf 


Considering 1 ft. strip along stair span length, 


(112.5 + 37.5 + 120) x 1’ x = 309 lb/ft 


(112.5+120)X1’=232.5 lb/ft (112.5+120)1'=232.5 lb/ft 


4.5’ 
2437 Ib 2437 |b 


BMD (Ib-ft) 
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Design constants: 
Es 29 x 10° 


se es & 6.90 we G 
"Ee 57000V¥3000 
fe 04*60 24 _ 
r=— ” Oaexe ieee" 
Tr 
ke = 0,336 
nt+r 


k 


Depth check: 
Maximum moment = 11.743 k — ft. 


1 
M = 5 f_kjbd? 


1 
= 11.743 x12 = FI xX 1.35 x 0.336 X 0.888 x 12 x d? 


d= 7.64 in.= 8 in. 
dnrovided =t-—cc=9-1=8in.2d (ok) 


Reinforcement: 
Longitudinal bar: 
M 11.743 x 12 


af + = 
sit ve) fjd 24x 0.888x8 


= 0.827 in?/ft 


Here, A, (min) = 0.0018 bt = 0.0018 x 12 x9 = 0.1944 in?/ft 
Provide #7 bar @ 8 in. c/c 


Distribution bar: 
A, (min) = 0.1944 in?/ft 
Provide #4 bar @ 12 in. c/c 


Beam design: 

Here, 

Beam span, L = 13’ — 8” = 13.67’ = 14’ 
Beam width, b = 12” 


b 439" 
» Beam height, h = —— = —— = 20" 
= : 60% 0.6 av 
Load Calculation: 
Dead load: 
2x 20 


Self weight of beam = : 


x 150 = 250 lb/ft 
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Load from landing slab or stair slab = 112.5 psf 


Load from stair = (112.5 + 37.5) = 150 psf 
Live load: 
Live load = 120 psf 


-. Load from landing on beam = 250 + (112.5 x 4) + (120 x 4) = 1180 lb/ft 


10:3 
-. Load from stair on beam = 250 + (150 + 120) x a 1640 lb/ft 


i 
1640 |b/ft ps0 1640 Ib/ft 


11020 Ib 11020 Ib 


SFD (Ib) 


BMD (Ib-ft) 


Depth check: 
Maximum moment = 37.19 k — ft. 


1 
M= 5 f-kjbd? 


1 
=> 37.19xX12= > X 1.35 x 0.336 X 0.888 x 12 x d? 


i d = 13.6 in. = 14 in. 
dnrovided =h-—cc=20-—-2=18in=d (ok) 
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Reinforcement: 
M 37.19 X 12 


As = Fra = 24x 0.888 X18 
Provide 2 - #7 bars 


= 1.163 in? 


Reinforcement Detailing: 


2 —#7 bars 


#4 bars @12"c/c 


#7 bars @ 8" c/c 


2 — #7 bars 
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4.4.1.2 Three Flight Stairs -WSD 
Pb-4. Design and draw the reinforcement details of the staircase shown in the figure below. 
The stair is supported on 10 in. thick brick wall in each side. This staircase is for a 
commercial building. Given fe = 3000 psi, fy = 60000 psi, and the floor to floor height is 
10 ft. Follow WSD method. [CE-2016] 

107. 


50" 


Sol": 

Stair span length, L = 6” + 50” + 60" +50" + 6" = 172" = 14.33’ 
Stair length, S = 60” = 5’ 

Since the support condition of the stair is simply supported, 


Here, No.of trade (run) = 6 & No.rise=6+1=7 


ur 


-. Riser = = 57" 


7 
.. Stair inclined length, 1 = ¥S2 +h? = /52 + 3.332 = 6’ 


Load Calculation: 
Dead load: 


7 
Self weight of stair slab = D* 150 = 87.5 psf 
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O70 
Pe. 150 = 36 psf 


Weight due to stair step = 12 


Live load: 
Live load = 80 psf 


Considering 1 ft. strip along stair span length, 


6 
(87.5 +36 + 80) x 1'x == 244 Ib/ft 
(87.5+80)x1'=167.5 Ib/ft (87.5+80)X1’=167.5 Ib/ft 


1392 Ib 1392 lb 


SFD (Ib) 


BMD (b-ft) 


Design constants: 


E, 29 x 106 ene 
| a ee ———— a ~ 
E, 5700073000 
_ fe 0.4*60 24 


se pasxs 155° +'7% 


n 
k =—— = 0.336 
n+r 


F=1 * — 0.888 
ao 


Depth check: 
Maximum moment = 5.437 k — ft. 


1 
M == fekjbd? 
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} deze 


1 
=> 5.437xX12= = x 1.35 x 0.336 x 0.888 x 12 x d? 
a =:5.2.19. 610, 
dpnrovided =t-—cc=7-1=6in2>d (ok) 


Reinforcement: 
Longitudinal bar: 
M 5.437 x12 


an A + = FO 
sltve) = sid BA RUORD RE 


= 0.51 in?/ft 


Here, A, (min) = 0.0018 bt = 0.0018 x 12 x 7 = 0.1512 in?/ft 
Provide #5 bar @ 7 in. c/c 


Distribution bar: 
A, (min) = 0.1512 in?/ft 
Provide #4 bar @ 12 in. c/c 


Shear check: 
6 
Developed shear, Vgey = R-—wd = 1392 — 167.5 x io 1308 lb 


Allowable shear, Vay, = 1.1./f,’ bd = 1.1 x ¥3000 x 12 x 7 = 5061 lb > Vue, (ok) 


Reinforcement Detailing: 


Brick wall 


#4 bars @12"c/c 


#5 bars @7" c/c 
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Pb-5. Design a typical flight of stairs in a public building for the staircase arrangement 
shown in figure below. The stairs are supported by central beams, A and B. Design only 
one flight and the supporting beams A and B. The runs are 1 ft. width and rises are 6.5 in. 


high. Use f, = 3ksiand f, = 60 ksi, and a live load equal to 80 psf. 


LF ie \Oruns X 1’ = 10’ or —>}— 6 dias 


All columns 
16. X 16” 


6 runs X 1 


Sol?: 
The beam supports each stair flight and so stair acts as a cantilever member both sides of 
the beam. So, larger stair flight should be designed which rests on beam A. 


6 
Stair effective span length, L = ia 3’ = 36" 


Stair length, S = 10’ 
Since the support condition of the stair is cantilever, 
L _ 36" 


cts So IF eg " 
-. Thickness of stair slab, t = ia* 2 3 3.5 


Here, No.oftrade (run) =10 & No.rise=10+1=11 
Stair height, h = No.of rise x Riser = 11 x 6.5" = 71.5” = 72" =6' 


-. Stair inclined length, | = /S2 +h? = 4102 + 62 = 11.66’ 


Load Calculation: 
Dead load: 


3.5 
Self weight of stair slab = DD x 150 = 43.75 psf 
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(2 + °) 

Weight due to stair step = x 150 = 41 psf 
Live load: 

Live load = 80 psf 


Considering 1 ft. strip along cantilever length of stair, 


11.66 
(43.75 + 41 +80) x 1'x 


10 = 192 lb/ft 
6’ 
576 lb tad 
wl 192 x 32 
-. Design Moment, M= 7 864 lb — ft = 0.864k — ft 


Design constants: 


E; 29 x 10° oe 
LS = ——__ > = 9.29 = 

E; 57000V3000 

fe 04*60 24 


Fea = liso 


ef U45%3 135 


n 
k = —— = 0.336 
warr 


p=1 * _ 0.888 
j= .. d 


Depth check: 
1 
M => fekjbd? 
1 
=> 0.864x12 = 5% 1.35 x 0.336 x 0.888 x 12 x d? 
& 2.22.07 bt 
dprovidea =t—co=3.5-1=2.5in.2d (ok) 


Reinforcement: 
Longitudinal bar: 
M 0.864 x 12 


A. =—- = = in? 
s= Fd DEXOSBEKIS OD eet 


Here, A, (min) = 0.0018 bt = 0.0018 x 12 x 3.5 = 0.0756 in?/ft 
Provide #3 bar @ 6 in. c/c | 
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Distribution bar: 
A, (min) = 0.0756 in?/ft 
Provide #3 bar @ #7 12 in. c/c 


Shear check: 
2:5 
Developed shear, Vgey = R-—wd = 576—192 xX 10 7 536 lb 


Allowable shear, Vy, = 1.1 fe! bd = 1.1 x V3000 X 12 X 2.5 = 1807 lb > Vaey, (ok) 


Beam design: 
Beam span, L = 6" + 3'+10'+ 3'+6" =17' 
Beam width, b= 16" [Beam width = Column width] 


height, h Ab af 
-. Beam height, =s0% 06” 27 
Load Calculation: 
Dead load: 
Gx 27 
Self weight of beam = x 150 = 450 lb/ft 


144 
Load from landing slab or stair slab = 75 psf 


Load from stair = 75 + 41 = 116 psf 

Live load: 

Live load = 80 psf 

.. Load from landing on beam = 450 + (75 x 6) + (80 x 6) = 1380 lb/ft 


11.66 
= 1896 lb/ft 


-. Load from stair on beam = {450 + (116 x 6) + (80 x 6)} x 


1896 Ib/ft 


1380 Ib/ft 1380 Ib/ft 


14310 Ib 14310 Ib 


SFD (Ib) 


BMD (lb-ft) 
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Depth check: 
Maximum moment = 65.332 k — ft. 


Z 
M= a fckiba* 
IT 
=> 65.332 X12 = > x 1.35 x 0.336 x 0.888 x 16 x d? 
« d=15.6in.= 16in. 
dprovidea = h— CC =27—2=25in.2d (Not ok) 


Reinforcement: 
M 65.332 X 12 


s = Fd = 24x 0888x258 ~ UAT in 
Provide 2 - #8 bars 
Reinforcement Detailing: 
#3 bars @ 6" c/c #3 bars @12" c/c 


Stair Slab 


2 — #8 bars 
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4.4.2 Stair Slab Spanning Longitudinally - USD 
4.4.2.1 Double Flight Stairs / Dog-legged Stairs - USD 


Pb-6. Design any flight of the following stair and show reinforcement detailing. The 
dimension of the beams are 10” x 18” and height of each riser is 6 . Live load on stair is 
80 psf. Use materials of f,’ = 4000 psi and f, = 60,000 psi. Follow USD method. 


Beam 


Beam 
0-46" 


—>| [10° =m fey 
3'-6" 11@ 140": 3-6" 


Sol": 
Stair span length, L = 6” + (11*10") +6” =122” = 10.2’ 
Stair length, S = 10.2’ 


Since the support condition of the stair is both end continuous, 


L 122 gr a 
a: ee - 


Stair height, h = No.ofrise x Riser = (11+ 1) x6=72" =6' 


.. Stair inclined length, 1 = VS? +h? = ¥10.2? + 6? = 11.83’ 


-. Thickness of stair slab, t = 


S = 10.2’ 
Load Calculation: 
Dead load: 
4 
Self weight of stair slab = 1.2 x D x 150 = 60 psf 


(= 


| oeneaoe CE when 
Weight due to stair step = 1.2 x ae x 150 = 45 psf 


Live load: 
Live load = 1.6 x 80 = 128 psf 
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eed 


Considering 1 ft. strip along stair span length, 


11.8 
(60 + 45 + 128) x 1'x = = 270 lb/ft 


(60+128)X1'=188 Ib/ft (75+128)x1’=188 Ib/ft 


1941 Ib 1941 Ib 


SFD (Ib) 


BMD (Ib-ft) 


Depth check: 
Maximum moment = 2.665 k — ft. 
Je Gy 4 0.003 
= 2, = —% —— = 0.0181 
P= D:BOHI a erere. 0.85 x 0.85 X £5 * 9 903 + 0.005 


Now, M = gpf,bd’ (3 — 0.592) 
Cc 


=> 2.665 x 12 = 0.90 x 0.0181 x 60 x 12 x d* x (1 — 0.59 x 0.0181 x --) 


=> 31.98 = 11.7288 x d? x 0.8398 
a= 3.25 ine 35 in 


dprovidea = €— CC = 5—1=4in.2d (ok) 


Reinforcement: 
Longitudinal bar: 
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M, 2.665 X 12 
See) ee een a ON. 
vf,(4-5) 090x60x (4-5) 


_ Asfy Ag ® 60 
 0.85f,/b 0.85x 4x12 


A,(+ve) = 


~ A, = 0.148 in2/ft 


200 200 
Here, A, (min) = —— bd = ———x12x4=0.16 in?/ft 
ia 60000 


Provide #3 bar @ 8 in. c/c 
M, (0.846 x12 
vf(d-$) 0.90x 60x (4-5) 


A; fy A, X 60 


(ee 5 eee 
0.85f.'b 0.85x4x12 


A,(—ve) = 


- As = 0.0484 in?/ft 
Here, A, (min) = 0.16 in?/ft 
Provide #3 bar @ 8 in. c/c 


Distribution bar: 
A, (min) = 0.0018 bt = 0.0018 x 12x 5 = 0.108 in?/ft 
Provide #3 bar @ 12 in. c/c 


Shear check: 
Ultimate shear, V, = R—wd 


4 
Vac) = Ry — wid = 1941 — 188 x [= 1878 lb 


4 
Vucry = Ri — wed = 1941 —270 x hie 1851 lb 
Allowable shear, Vay. = 29 Ife bd =2 0.75 x ¥4000 x 12 x 4 = 4554 lb > Vue, (ok) 


Beam design: 

Here, 

Beam width, b = 10” 

Beam height, h = 18” 

-- Beamspan, L = 6" + (3+ 6” +6" +346") +6" =102" =8.5' 


Load Calculation: 
Dead load: 
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10x18 
144 


Self weight of beam = 1.2 x % 150 = 225 ib/ft 


Load from landing slab or stair slab = 1.2 x 50 psf = 60 psf 


Load from stair = 1.2 x (50 + 37.5)psf = 105 psf 
Live load: 
Live load = 1.6 x 80 psf = 128 psf 


-. Load from landing on beam = 225 + (60 x 3.5) + (128 x 3.5) = 883 lb/ft 


-. Load from stair on beam = 225 + (105 + 128) x = 1603 lb/ft 


| ACT <et ART ical, Beam 4 load calculation Palit AAA afett psf load C® Beam “4 
| transverse direction 4% dimension few et FATS AAI Bla ACat stair 44 load half 


: Pa WF ACTA beam Wt carry Pa! 


1603 Ib/ft a,\ol* 1603 Ib/ft 
g 


6633 Ib 6633 Ib 


SFD (Ib) 


BMD (Ib-ft) 


Depth check: 
Maximum moment = 13.736 k — ft. 
op = 0.0181 
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Now, M = wpfy,bd? (1 = 0.s9p,) 
c 


60 
= 13.736 x 12 = 0.90 x 0.0181 x 60 x 10 x d? x (1 — 0.59 x 0.0181 x =) 


= 164.832 = 9.774 x d? x 0.8398 
© @=448in.= Sin 


dyrovided =h—-—cc=18-2=16in2=d (ok) 


Reinforcement: 
M,, 13.736 X12 
As = 


Z of, (a-$) 0.90 x 60 x (16-5) 


_ Asfy _ Asx 60 
0.85f,.b 085x4x10 


2». Ay = 0.191 in? 
Provide 2 - #3 bars 


Reinforcement Detailing: 


AL 


‘) 


#3 bars @ 8"c/c 
#3 bars @12"c/c 


(a) 
#3 bars @ 8" c/c 
#3 bars @ 12"c/c 
] #3 stirrups 
Wa 


2 — #3 bars 
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4.4.2.2 Three Flight Stairs - USD 


Pb-7. Design a typical flight of stairs in a public building for the staircase arrangement 
shown in figure below. The stairs are supported by central beams, A and B. Design only 
one flight and the supporting beams A and B. The runs are 1 ft. width and rises are 6.5 in. 


high. Use f, = 3 ksiand f, = 60 ksi, and a live load equal to 80 psf. 


je he — toruns 51 = "100" rae a —| 


60" 


All columns 
16 X 16° 


Sol": 
The beam supports each stair flight and so stair acts as a cantilever member both sides of 
the beam. So, larger stair flight should be designed which rests on beam A. 
i ' 6 
Stair effective span length, L = o> 3’ = 36” 
Stair length, S = 10’ 
Since the support condition of the stair is cantilever, 


. BGP 


L ii VW 
-. Thickness of stair slab, t = io ag ao =3.6' 24 


Here, No.oftrade (run) = 10 & No.rise=10+1=11 
Stair height, h = No.ofrise x Riser = 11 x 6.5" = 71.5" = 72” = 6' 


.. Stair inclined length, 1 = VS? +h? = /102 + 62 = 11.66’ 


Load Calculation: 
Dead load: 


4 
Self weight of stair slab = 1.2 x D x 150 = 60 psf 
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6.5 +0 


Cz) x 150 = 48.75 psf 


Weight due to stair step = 1.2 x 


Live load: 
Live load = 1.6 x 80 = 128 psf 


Considering 1 ft. strip along cantilever length of stair, 


11.66 
(60 + 48.75 + 128) x 1’x 4 5- = 276 lb/ft 
6’ ee 
828 lb ion 
1? 276 * 3? 
-. Design Moment, M= > ag 1242 lb — ft =1.242k — ft 
Depth check: 
Maximum moment = 1.242 k — ft. 
fe &u Be 01008 
= 0.85 = x — X —————_ = 0.0135 
pS EON ee ee eg ONS ALONG 


Now, M = gpf,bd? (1- 0.59) 


c 
= 1.242 x 12 = 0.90 x 0.0135 x 60x12 x d? x (1 = 0.59 x 0.0135 x =) 
= 14.904 = 8.748 x d? x 0.8407 

“ad = 1.42 in. 

dnrovided = t—cC =4—1=3in.>d (ok) 

Reinforcement: 


Longitudinal bar (top bar): 
M. : 
Aone is _ 1.242 X12 


vfy(4-5) 0.90 60 x (3-$) 


_Asfy | A, X 60 


~ 0.85f.'b 0.85x3x 12 
» As = 0.109 in?/ft 


Here, A, (min) ck bd = 12 k 3 = 0.12 in*/ft 
. s =— —— Xx x = in 
fy 60000 


Provide #3 bar @ 10 in. c/c 
Distribution bar: 
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A, (min) = 0.12 in?/ft 
Provide #3 bar @ 10 in. c/c 


Shear check: 
3 
Developed shear, Vgey = R — wd = 828 — 276X D = 759 lb 


Allowable shear, Vay = 1.1./f.' bd = 1.1 x ¥3000 x 12 x 4 = 2892 lb > Vaey (0k) 
Beam design: 

Beam span, L = 6" + 3'+10'+3'+46" =17' 

Beam width, b = 16" [Beam width = Column width] 


16" 
aE height, h =—— = —— = 27" 
Se 60% 06°! 
Load Calculation: 
Dead load: 
16 X 27 
Self weight of beam = 1.2 x 144 x 150 = 540 lb/ft 


Load from landing slab or stair slab = 60 psf 
Load from stair = 60 + 48.75 = 108.75 psf 
Live load: 

Live load = 1.6 X 80 = 128 psf 


.. Load from landing on beam = 540 + (60 x 6) + (128 x 6) = 1668 lb/ft 
11.66 
-. Load from stair on beam = {540 + (108.75 x 6) + (128 x 6)} x <1 ite 2286 lb/ft 


2286 lb/ft 


1668 Ib/ft 1668 Ib/ft 


17268 Ib EeZe Ip 


SFD (Ib) 


BMD (|b-ft) 
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Depth check: 
Maximum moment = 78.797 k — ft. 
p = 0.0135 


Now, M = gpf,bd? (2 — 0.59p2,) 


c 
60 
= 78.797 X 12 = 0.90 x 0.0135 x 60 x 12 x d? x (1 — 0.59 x 0.0135 x =) 


= 945.564 = 8.748 x d? x 0.8407 
d= 11,34 in. 


dprovided =h-—cc=27-2=25 in. => d (ok) 


Reinforcement: 
M, 78.797 X12 


7 of (4-4) 0.90% 60x (25-2 


__Asfy Ag X60 
 0.85fb 085x3x16 


» A, = 0.702 in? 
Provide 2 - #6 bars 
Reinforcement Deiiling: 
#3 bars @ 10" c/c #3 bars @ 10" c/c 


Stair Slab 


RC beam 


2 — #6 bars 
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4.4.3 Stair Slab Spanning Transvyersely — WSD 
4.4.3.1 Cantilever Slab Span from Edge Wall or Beam 


Pb-8. Design and draw reinforcement detailing of the stair shown in figure below 
using f. = 3ksiand fy = 60 ksi. Live load on stair is 80 psf. [CE-2018] 


15" wide 
upport wall 


b—5—+-——11@1' = 14" —+4—_ 55 + 


Sol: 

The brick wall supports each stair flight and so stair acts as a cantilever member both sides 
of the brick wall. 

Stair effective span length, L = 6” + 5’ = 66” = 5.5’ 

Stair length, S = 11’ 

Since the support condition of the stair is cantilever, 


66” 


L 
: i j —— i uy = at 
.. Thickness of stair slab, t 12 12 5.5 6 


Height of each flight, h = Difference in level = 5‘—0' = 5’ = 60” 
Here, No.of trade (run) = 11 & No.rise=11+1=12 

. 7 60” 5” 

. Riser = ao 


.. Stair inclined length, 1 = /S2 +h? = y¥11?2 4+ 52 = 12.1’ 


Load Calculation: 
Dead load: 


6 
Self weight of stair slab = D xX 150 = 75 psf 
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? AE °) 
Weight due to stair step = Se % 150 = 31.25 psf 


Live load: 
Live load = 80 psf 


Considering 1 ft. strip along cantilever span length of stair, 


197 
(75 + 31.25 + 80) x 1’ x +> = 205 lb/ft 


5.5! 
1127.5 lb 
: wl? 205 5.52 
-. Design Moment, M = anne sani 3101 lb — ft = 3.101k — ft 
Design constants: 
E, 29x108 
= Se 3S Se eee EE O29 SD 
E- 57000¥3000 
_ fe _04*60 24 r 
ry. OSes TSS 
7 
k= = 0.336 
t+r 


k 
j=1— z= 0.888 


Depth check: 
se 
M= 5 f-kjba? 


1 
=— 3.101x12= . X 1.35 xX 0.336 x 0.888 x 12 x d? 
~ a= 3.92 in. = 4in. 
dnrovided =t—cc=6-1=Sin2d (Ok) 


Reinforcement: 


Longitudinal bar: 
M 3.101 X12 


AB See 0.308 
> Fig 2axoseaxs O34? n/ft 


Here, A, (min) = 0.0018 bt = 0.0018 x 12 x 6 = 0.1296 in?/ft 
Provide #5 bar @ 10 in. c/c 
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Distribution bar: 
A, (min) = 0.1296 in?/ft 
Provide #3 bar @ 10 in. c/c 


Shear check: 


5 
Developed shear, Vgey = wl — wd = 1127.5 — 205 x = 1042 lb 


Allowable shear, Vgy = 1.1 | f.' bd =1.1 x ¥3000 x 12 X 5 = 3615 lb > Vaey (ok) 


Reinforcement Detailing: 


#5 bars@10"c/c #3 bars @10" c/c 


Stair Slab 


4.4.3.2 Cantilever Slab Span from Central Beam 


Pb-9. Design and draw reinforcement detailing of the following stair case. Live load on 
stair is 80 psf. Floor to floor height is 10 ft. Use f. = 3ksiand fy = 60 ksi. 
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Sol: 
The RC beam supports each stair flight and so stair acts as a cantilever member both sides 
of the RC beam. 
Stair effective span length, L = 4’ = 48” 
Stair length, S 775! 
Since the support condition of the stair is cantilever, 
L 7 48" 
12> 2 
: : 10’ 
Height of each flight, h = — = 5’ = 60" 


-. Thickness of stair slab, t = 


Here, No.oftrade (run) = 9 & No.rise=9+1=10 


S= 7.5’ 
Load Calculation: 
Dead load: 
5 
Self weight of stair slab = D x 150 = 62.5 psf 
€ + °" 
Weight due to stair step = 2 x 150 = 37.5 psf 


Live load: 
Live load = 80 psf 


The RC beam supports each stair flight and so stair acts as a cantilever member both sides 


of the RC beam. 
Considering 1 ft. strip along cantilever length of stair, 


9,01 
(62.5 + 37.5 + 80) x 1’ x = = 216 lb/ft 
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wl? 216 x 2? 
. Design Moment, M = — = ———— 


; 5 = 432 lb — ft = 0.432 k — ft 


Design constants: 
B, 29% 10° 


fe 04*60 24 
r= = 
f, 0a45x3 135° °7"* 


k 
f=1— 7 = 0.888 


Depth check: 
| 
1 
=> 0.432x12= he 1.35 x 0.336 x 0.888 x 12 x d? 
“a= 1.46 in. = 2 in. 
dyrovidea =t— CC =S5—1=4in.2d (ok) 


Reinforcement: 


Longitudinal bar: 
M 0.432 x 12 


= — = 2 
s=Fid 24x 08e8x4 ~ 90608 in’/fe 


Here, A, (min) = 0.0018 bt = 0.0018 x 12 x 5 = 0.108 in?/ft 
Provide #3 bar @ 12 in. c/c 


Distribution bar: 
A, (min) = 0.108 in?/ft 
Provide #3 bar @ 12 in. c/c 


Shear check: 
Developed shear, Vg-, = wl — wd = 216 x 2 — 216 x a = 360 lb 


Allowable shear, Vay = 1.1_[f-' bd = 1.1 x ¥3000 x 12 x 4 = 2892 lb > Viey (ok) 


Beam design: 

Beam span, L = 6" + 4'+7.5'+4' +6" = 165! 

Assume, Beam depth, h = 16.5" [Beam depth (in) = Beam span (ft)] 
Beam width, b = 60% x 16.5" = 10” 
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Load Calculation: 
Dead load: 
10 %16:5 


144 
Load from landing slab or stair slab = 62.5 psf 


Self weight of beam = x 150 =172 lb/ft 


Load from stair = 62.5 + 37.5 = 100 psf 
Live load: 
Live load = 80 psf 


-. Load from landing on beam = 172 + (62.5 x 4) + (80 x 4) = 742 lb/ft 


9.01 
-. Load from stair on beam = {172 + (100 x 4) + (80 x 4)} x ae 1072) byt 


1072 Ib/ft 


742 |b/ft 742 |b/ft 


7359 |b 7359 |b 


SFD (Ib) 


BMD (|b-ft) 


Depth check: 
Maximum moment = 33.14 k — ft. 


4. 
M= afekjba? 
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iL 
= 33.14x12= 3 x 1.35 x 0.336 x 0.888 x 10 x d? 


- d@ = 14.05 in. = 14.5 in. 
dprovidea = h-— cc = 16.5—2=14.5 in.2 d (Not ok) 


Reinforcement: 
ya M3314 2 are 
“4s Fd 24x0.888x145 °° ™ 
Provide 2 - #8 bars 
Reinforcement Detailing: 
#3 bars @12" c/c #3 bars @ 12" c/c 


Stair Slab 
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Chapter - 5 
Lintels and Sunshades 


5.1 Theory Analysis 


Q-1. Define lintel and sunshade? 

Ans: Lintel: A lintel is a type of beam or structural horizontal support used to support the 
above wall when openings like doors, windows are necessary to provide in building 
construction. Lintels are generally used for load-bearing purposes, but they can also be 
decorative. 

Sunshade: A sunshade is an architectural feature and horizontal or vertical component of 
a building that reduces heat gain by deflecting sunlight and protects the building insides 
from climatic elements. 


Q-2. Describe the functions of lintel and sunshade in building structures. [CE-2019] 

Ans: Functions of lintel: 

(i) Lintel supports the walls above the openings like doors, windows, etc. 

(ii) Lintels provide a safeguard of the windows and doors. 

(i111) Lintel withstands the imposed loads coming from bricks including roofing members. 
(iv) The lintel is used to transfer all imposed loads to the side walls. 

(v) Sometimes lintels are used as a decorative architectural element. 

Functions of sunshade: 

(1) Sunshade prevents glare from direct sunlight and protects from outside raindrops. 

(ii) Sunshade provides privacy from outside observers. 
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5.2 Basic Concepts 
5.2.1 Critical Shear Angle of Lintel 


Lintel “a Bera brick wall-4 shearing 44 FC crack BI! Lintel 44 ¥& end point cats 
Betas fre 45° angle-4 shearing consider Fat SI! wt maximum critical angle 60° 
consider Fat S81 42a afb fase TAT ARTS AAs 

(9) aff lintel aa 4 end point cat# shearing angle arm *Ita slab # intersect (contact) 
wal (s # 0), BIA AGHAST slab portion CAF UDL Bets lintel 4a GIF load GPK 


(2) aff shearing angle arm U*itas slab c# intersect (contact) At Pt (s = 0) SIR slab 
portion cle UDL atti lintel aa Bt load GPT AT 


5.2.2 Design Consideration of Lintel and Sunshade 
* aicasit fran cory at wit, Beam design 44 Atwet Lintel design Fat 4 4A8 Slab design 


4% Acet Sunshade design Pat Ba! 
* Lintel design #sta AW witrd A span Crew AS, lt CATS We act support “a OT 6” 
Fe Tier <at BW Ute effective span, given span cles always 1’ @P A 


5.3 Solution Techniques 
5.3.1 Design of Lintel and Sunshade 


WSD 
Lintel Design 
1. Lintel dimension 
Span of lintel, 1 = 
Width of lintel, b = wall thickness = 


y wall height 
a6? == =e 
x shearing arm inlintel 
oe 
ai tan60° 


- Cutlength ofslab, s=1—2x 


If s < 0; No UDL comes from slab on lintel 
If s > 0; UDL comes from slab on lintel 


2. Load calculation 

Wall area over lintel, Ay 

Load area over lintel, A; 

-- Load on lintel from wall = Ay x A; 
Slab area, As = 

DL from slab = A; X DL 

LL from slab = Ags X LL 

Total load from slab = LS 

Here, walllength = WL 


Ls 
fi = ft 
Load on wall from slab, WL w 


-. Load on lintel from slab = w’ x s 
Total load on lintel, W = from wall + slab 


W 

-«. UDL on lintel, w= T 
wl? 
-. Design Moment, M = 3 


3. Design constants: n, r, k, J 
4, Depth check 

1 
M= 5 fekjba* 


5. Reinforcement calculation 
M 


As = Fi 
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USD 
Lintel Design 
1. Lintel dimension 
Span of lintel, 1 = 
Width of lintel, b = wall thickness = 


y wall height 


tan60? = = = 
x shearing arm in lintel 
y 


= 7 = 
tan60° 
-. Cutlength of slab, s =1— 2x 


If s < 0; No UDL comes from slab on lintel 
If s > 0; UDL comes from slab on lintel 


2. Load calculation 

Wall area over lintel, Ay 

Load area over lintel, A; 

.. Load on lintel from wall = Ay X A; 
Slab area, As = 

DL from slab = As X DL 

LL from slab = As X LL 

Total load from slab = LS 

Here, wall length = WL 


TDL 
Dead Load on wall from slab, = WL Wy 
Dead Load on wall from slab, = wr 


.. Dead Load on lintel from slab = w, X s 
.. Live Load on lintel from slab = w2 xs 
Total ultimate load on lintel, 

W =1.2DL + 1.6LL 


WwW 
.. UDL on lintel, w = 7 


; wl? 
.. Design Moment, M = — 
3. Depth check 
fe Eu 
= 0.858, — 
P By fy e+e, 


Now, M = gpf,bd? (1 — 0sopZ,) 
Cc 
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6. Shear Check 4, Reinforcement calculation 
wl M 
Developed shear, Vgey = ae wd AL = —-+x 
Ply (4 7 2) 
Allowable shear, Vj, = 1.1 | f.' bd Asfy 
QS See 
Sunshade Design 0.85f, b 


7. Sunshade design 5. Shear Check 


wl 


i) Load calculation ; Ultimate shear, V,, = an wd 
l 
ii) Moment calculation, M = —— : 
2 Allowable shear, Van = 29_|f¢ bd 
iii) Reinforcement calculation 
Main bar: Sunshade Design 
M 6. Sunshade design 
A; ==> i) Load calculation 
d i) Loa 
fsi . wi? 
Here, A,(min) = 0.0018 bt ii) Moment calculation, M = > 
Distribution bar: A,(min) iii) Reinforcement calculation 
Maximum spacing = 5t | Main bar: 
M. 
8. Reinforcement deatiling A; = —F 
of, (4-3) 
pe Asfy 
0.85f,'b 


Here, A,(min) = 0.0018 bt 
Distribution bar: A,(min) 
Maximum spacing = 5t 


7. Reinforcement deatiling 
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5.4 Problem Solution 
5.4.1 Design of Lintel and Sunshade — WSD 


Pb-1. Design a lintel over a window opening of 6 ft. wide. The opening is left in the wall 
2 ft. from one of its comers. The height of wall above opening is 6 ft. The thickness of wall 


the wall is 10 inch. Grade 50 reinforcing steel is to be used with 3000 psi concrete. 
[CE-2015] 


Sol": 
Span oflintel, 1 = 6" +6'+6"=7' 
Width of lintel, b = wall thickness = 10” 


y wall height 
tanG? = SS 
x shearing arm inlintel 


A 3.5! 
eT Lise 


-. Cutlength of slab, s=l1—2x=7-—2x3.5'=0 


So,no UDL comes from slab portion on the lintel. 


-£10 
Wall load on lintel = wall area x load area = é x7 x 6) x (= x 120) = 2100 lb 


; 2100 
-- Total UDL on lintel = oa: 300 lb/ft 


wl? 300x 7? 
-. Design Moment, M = qo a 1837.5 lb — ft = 18375 k — ft 


Design constants: 


E, 29 x 10° jo6at 
CSS SS eS =. ~~ 
E, 57000V3000 


fe 0.4%*50 20 


sz = 14.81 


"Ff. 045x3~ 1.35 


n 
k =—— = 0.378 
n+r 


k 
j=1-7=0874 
Depth check: 

1 
M= afekjba? 


1 
= 1.8375 x12 = 5% 1.35 x 0.378 x 0.874 x 10 x d? 
» ad = 3.14 in. = 3.5 in. 


Lintels and Sunshades 


Total thickness, t=d+ec=3.54+1.5 = Sin. 


Reinforcement: 
rie M -é 1.8375 xX 12 = heseuat 
““s" fig 20K0872KS5 °° 
Provide 2 - #4 bars 
Shear check: 
wl 300 x 7 3.5 
Developed shear, Vgey = ZT wd = —300x 49° 962.5 lb 


Allowable shear, Vay = 1.1./f,' bd = 1.1 x V3000 x 10 x 3.5 = 2108.7 lb > Vaev (ok) 


Reinforcement Detailing: 
1 @) ae 


=: 


2 - #4 bars 


Pb-2. Design and show the reinforcement detailing of the lintel and sunshade shown in 
figure below. The thickness of load bearing wall is 10 in. and the live load on slab and 
sunshade is 40 psf. The height of wall above window opening is 2.5 ft. The projection 
length of sunshade is 1.5 ft. From the design data, material strengths are f. = 


3000 psi and f, = 60,000 psi. 


+ 6” slab 
2.5’ 


w 


10” wall thickness 
Plan Elevation 
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Sol?: 


1.44’ 4.12’ 1.44’ 


Lintel and sunshade should be designed for larger 
dimension. 


Lintel Design: 
Span of lintel, 1 = 6° + 6'+6" =7' 
Width of lintel, b = wall thickness = 10” 


tan60° = y 


x 
ca ae 2.5! a ; 
2 = sao a2 


-- Cutlength ofslab, s=1—2x = 7'—2 x 1.44’ = 4.12’ 


So, UDL comes from slab portion on the lintel. 
1 
Wall area over lintel, Ay = 5% (7+ 4.12) x 2.5 = 13.9 ft? 
10 
Load area over lintel, A, = 120 pcf x Tf = 100 psf 


-- Load on lintel from wall = Ay X A, = 13.9 ft? x 100 psf = 1390 lb 


x15 
= 56.25 ft" 


Slab area = 
6 
Weight from slab = (56.25 x 3] x 150 = 4218.75 lb 


Live load from slab = 56.25 x 40 = 2250 lb 
-. Total load from slab = 4218.75 + 2250 = 6468.75 lb 
Here, wall length = 15’ +5”+5” = 15.83 ft 


6468.75 
.. Load on wall from slab = 15.83 = 408.64 lb/ft 


.. Load on lintel from slab = 408.64 x 4.12 = 1684 lb 
: Total load on lintel = from wall + from slab = 1390 + 1684 = 3074 lb 


3074 
-. UDL on lintel = a = 440 lb/ft 


440 lb/ft 


wl? 440 x 72 
-- Design Moment, M = The a 2695 lb — ft =2.695k — ft 
Design constants: 
E, 29 x 10° 
L= => 9.29 =9 


E. 57000V¥3000 — 


fe 04*60 24 


"FF OM5%8 135 


= 17.78 


n 
k= = 0.336 
aTrT 


F=1 = 0.888 
{=i ,=0. 
Depth check: 

1 
M = 5 fckjbd? 


1 
=> 2.69512 = 5 x 1.35 x 0.336 x 0.888 x 10 x d? 


* d = 4.007 in. = 4.5 in. 
Total thickness, t=d+ec=4.541.5 =6in. 


Reinforcement: 
M 2.695 X 12 


As = Fa 24x 0888X45 
Provide 2 - #4 bars 


= 0,337 in? 


Shear check: 


l 440x7 
Ww ne 


4.5 
Developed shear, Vgey = wo w — 440 x ay 1375 lb 


Allowable shear, Vou = 1.1 Ife’ bd = 1.1 x ¥3000 X 10x 4.5 = 2711 lb> Vuey (ok) 


1.5’ = 18” 


Sunshade Design: 


Self weight of sunshade = = * 1! x 150 = 43.75 lb/ft 


Live load on sunshade = 1! x 40 = 40 lb/ft 
Total load = 83.75 lb/ft 
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83.75 |b/ft 
1.5’ 
2 83.75 x 1.52 
» Maev = te = = 94.22 lb — ft = 0.09422 k — ft 
Reinforcement: 
M 0.09422 x 12 


te Ae = 0.01768 in?/ft 


~ fjd 24x 0.888 x (4-1) 
Here, A,(min) = 0.0018 bt = 0.0018 x 12 x 4 = 0.0864 in?/ft 
Provide #3 bar @ 45 12 in. c/c 

Distribution (shrinkage) bar: 

Maximum spacing = 5t = 5X 4= 20in. 

Provide 1 of 2 nos #3 bar. 


Reinforcement Detailing: 
1 of 2— #3 bars 


2 — #4 bars #3 bars @ 12" e/e 
#3 stirrup @ 6"'c/c 


r 
| Q2tey Wey ATT ATFs 
Spacing of stirrups of lintel: Least of — 


4 
(i) 16 dip = 16 x3 = 8” 


(ii) 48 ds = 48 x - = 18” 

(iii) Least lintel dimension = 6” 

So, maximum spacing = 6" 

Sunshade “2 main bar 4% spacing always lintel stirrup 49 spacing 44 Bios GTP 
ANS Acq, ACH stirrup 4a Aiea joining Fal Wa 


ee ia es ia es ee SS :-O COO OO OT __ MOC eS es Oo 


ce eee eee ee ee ee ee 
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Pb-3. Calculate the design load and draw loading diagram for the lintel and sunshade 
shown in figure below. Slab thickness is 6 in. and live load on slab is 40 psf. [CE-2019] 


2' 
1s mY 
Room-1 | 
12'x12! 1 |6'-8" 7’ 
10’ 
Sol: 1.73" 1.73” 


Lintel and sunshade should be designed for 1* floor 
because of maximum load carrying capacity from all 
above structure. 


Lintel Design: 
Span of lintel, 1 = 6’ — 8” = 6.67’ 
| = 6.67’ 

Width of lintel, b = wall thickness = 10” 
tan60° = ‘d 

x 

3! 

ee eg ee i 


~ tan60° 1.732 
-. Cut length of slab, s = 1 — 2x = 6.67’ — 2 x 1.73’ = 3.21’ 


So, UDL comes from slab portion on the lintel. 


fl 
Wall area over lintel of Ist floor, Ay = as (6.67 + 3.21) x 3 = 14.82 ft? 
Wall area over lintel of 2nd floor, Ay = (10 + 2) X 3.21 = 38.52 ft? 


10 
Load area over lintel, A; = 120 pcf x oe t = 100 psf 
-. Load on lintel from wall = Ay x A, = (14.82 + 38.52) x 100 = 5334 lb 


ta ey 4 
Slab area = 


= 36 ft? 


6 
Weight from slab = 2 x (36 x =) x 150 = 5400 lb 


Live load from slab = 2 x 36 X 40 = 2880 lb 
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-. Total load from slab = 5400 + 2880 = 8280 lb 
Here, walllength = 12'+5" +5" = 12.83 ft 


. Load on wall fi ines Gas t 
-. Loa wall from slab = 7553 = /f 


.. Load on lintel from slab = 645 x 3.21 = 2070 lb 
- Total load on lintel from 1st floor = 5334 + 2070 = 7404 lb 


. 7404 
-. Design UDL on lintel = Ser = 1110 lb/ft 


1110 Ib/ft 


Sunshade Design: 


a 


15 Sls" 


35 
Self weight of sunshade = D2 x 1'x 150 = 43.75 lb/ft 


Live load on sunshade = 1’ x 40 = 40 lb/ft 
Total load = 83.75 lb/ft 
83.75 lb/ft 


15° 
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Pb-4. Compute the design moment for lintel and in the 3-storied building shown in figure 
below. Slab thickness is 6 in. and live load on slab is 40 psf. [CE-2018] 


{spre penpa—tednpaa—te 


Elevation 
Sol?: 


Lintel should be designed for larger dimension and for 1* floor because of maximum load 
carrying capacity from all above structure. 


Lintel Design: 
Span of lintel, |= 6" + 6'+6" =7' 
Width of lintel, b = wall thickness = 10” 


tan60° = y 
x 
— i eFeeree——— 
~ tan60° 1.732 

-. Cutlength of slab, s =1—2x = 7'-—2X1.73' = 3.54’ 


t 


=x 173° 


So, UDL comes from slab portion on the lintel. 


1 
Wall area over lintel of 1st floor, Aw = 5% (7 + 3.54) x 3 = 15.81 ft? 
Wall area over lintel of 2nd, 3rd floor, Ay = (10 + 10) x 3.54 = 70.8 ft? 
10 
Load area over lintel, A, = 120 pcf x Dit = 100 psf 


-. Load on lintel from wall = Ay, X A, = (15.81 + 70.8) x 100 = 8661 lb 


1 
Slab area = 5X13 x 6.5 = 42.25 Ft 
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6 
Weight from slab = 3 x (42.25 x =) x 150 = 9506 Ib 


Live load from slab = 3 x 42.25 x 40 = 5070 lb 
.. Total load from slab = 9506 + 5070 = 14576 lb 17: 
Here, wall length = 13’ + 5’ 4+ 5” = 13.83 ft 


14570 
-. Load on wall from slab = ——-— = 1054 lb/ft B 
13.83 13’ 


-- Load on lintel from slab = 1054 x 3.54 = 3731 lb 


~- Total load on lintel from 1st floor = 8661 + 3731 = 12392 lb 


12392 
‘4 


-. Design UDL on lintel = = 1770 lb/ft 


1770 |b/ft 


|=7’ 


wl 1770x7? 
.. Design Moment, M = os lgihame “ eens 10841 lb — ft = 10.841k — ft 
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5.4.2 Design of Lintel and Sunshade — USD — 


Pb-5. Design and show the reinforcement detailing of the lintel and sunshade shown in 
figure below. The thickness of load bearing wall is 10 in. and the live load on slab and 
sunshade is 40 psf. The height of wall above window opening is 2.5 ft. The projection 
length of sunshade is 1.5 ft. From the design data, material strengths are f,’ = 
3000 psi and fy = 60,000 psi. 


my 


| Pace 


10” wall thickness 
Plan Elevation 


n. 
San and sunshade should be designed for larger dimension. 
Lintel Design: 

Span oflintel, 1 = 6" +6'+6"” =7' 
Width of lintel, b = wall thickness = 10” 


tan60° = ‘a 


R 


id Bas aye 
x= — = ——_ — 1]. 
tan60° 1.732 


-. Cutlength of slab, s = 1—2x =7'—2X1.44' = 4,12! 

So, UDL comes from slab portion on the lintel. 

Wall area over lintel, Ay = . x (7 + 4.12) x 2.5 = 13.9 fe? 

Load area over lintel, A, = 120 pcf x aft = 100 psf 

* Load on lintel from wall = Ay x A, = 13.9 ft? x 100 psf = 1390 lb 


15x 
Slab area = ao 


= 56,25 ft? 


6 
Weight from slab = (s6.2s x =) x 150 = 4218.75 lb 
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Live load from slab = 56.25 x 40 = 2250 lb 
Here, walllength = 15'+ 5" +5" = 15.83 ft 


4218.75 
Dead load on wall from slab = [ena 266.5 lb/ft 
0 
Live load ll fr b = —— = : £ 
ive load on wall from sla 1283 142.14 lb/f 


.. Dead load on lintel from slab = 266.5 x 4.12 = 1098 lb 
.. Live load on lintel from slab = 142.14 x 4.12 = 586 lb 
-: Total ultimate load on lintel = 1.2DL + 1.6LL = 1.2(1390 + 1098) + 1.6(586) = 3923 lb 


3923 
-- UDL on lintel = Tape = 560 lb/ft 


560 I|b/ft 


|=7' 
wl? 560x7? 
_ + Design Moment, M = aisles, Ta 3430 lb— ft =3.43k—ft 
Depth check: 
= 0.85 fe _€u = 0.85 x 0.85 x 3 ve = 0.0135 
peop e Ecc, 1 8% co ogo Ouoses 


Now, M = opf,bd? € — 0.s9p 2) 
Cc 

=> 3.43 x 12 = 0.90 x 0.0135 x 60 x 10 xd? x (1 ~ 0.59 x 0.0135 x =) 

= 41.16 = 7.29 x d? x 0.8407 

»~a=2.59 in. = 3in 


Total thickness, t=d+ec=3+1.5 = 4.5in, 


Reinforcement: 
_ M,, 3.43 x12 
= ig BY AL 
fy (a-5) 0.90 x 60x (3-5) 
Asfy A, X 60 


* 0.85f.b 085X3x10 


- Ag = 0.286 in? 
Provide 2 - #4 bars 
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Shear check: 


wl 560 x 7 
Ultimate shear, V, = ae wd = 


Allowable shear, Vay, = 29 | f.’ bd = 2 x 0.75 x ¥3000 x 10 x 3 = 2465 lb > V, (ok) 


5 
— 560 x—= 
5 12 1820 lb 


Sunshade Design: 


fon eaten ok 


1.5’ = 18” 


3.5 
Self weight of sunshade = 1.2 x Le xX 1’ x 150 = 52.5 lb/ft 


Live load on sunshade = 1.6 x 1’ x 40 = 64 lb/ft 
Total load = 116.5 lb/ft 
116.5 lb/ft 
1S 
wl? 116.5 x 1.52 
6 My =z = = 131 Lb - ft = 0.131 fe 
Reinforcement: 
Pee ie ee ee 
* ef, (d-$) 0.90 x 60x (3-5) 
Asfy _  A,x60 


*  0.85f.b 085x3x12 

As = 0.0097 in?/ft 

Here, A,(min) = 0.0018 bt = 0.0018 x 12 x 4 = 0.0864 in?/ft 
Provide #3 bar @ 45 8 in. c/c 

Distribution (shrinkage) bar: 

Maximum spacing = 5t = 5 x 4 = 20 in. 

Provide 1 of 2 nos #3 bar. 


Reinforcement Detailing: 
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1 of 2 —#3 bars 


= #4 bays #3 stirrup @ 8"c/c 
#3 stirrup @ 4"'c/c 


Pb-6. A lintel, covering a verandah opening of 9 ft.; carries a sunshade of 3 ft. wide, 
monolithic with the lintel as shown in figure below. The verandah roof carries a 
superimposed load of 30 psf. Design the lintel and sunshade by using material strengths 


One way R.C.C 

slab spanning 

14'-0" 

Opening: 
Sol?: 
Lintel Design: 
¢ 

Span of lintel, | = 6" + 9' +6" = 10’ “\60°_ 607% 


Width of lintel, b = wall thickness = 10” 
tan60° =~ 
x 


_ sy ; 
x= neo’ 1732279 


-. Cut length of slab, s = 1—2x =10'-—2 x 73 = 6.54! 


So, UDL comes from slab portion on the lintel. 
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1 
Wall area over lintel, Aw = 5% (10 + 6.54) x 3 = 24.81ft? 
10 
Load area over lintel, A, = 120 pcf x pit = 100 psf 
-. Load on lintel from wall = Ay x A, = 24.81 ft? x 100 psf = 2481 lb 
x 14 


Slab area = = 49 ft? 


4+3 
Weight from slab = (49 x 5 ) X 150 = 4287.5 lb 


Live load from slab = 49 x 30 = 1470 lb 
Here, walllength = 147+ 5” +45” = 14.83 ft 


4 / 


-- Dead load on lintel from slab = 289 x 6.54 = 1890 lb 
-- Live load on lintel from slab = 100 x 6.54 = 654 lb 
-: Total ultimate load on lintel = 1.2DL + 1.6LL = 1.2(2481 + 1890) + 1.6(654) = 6292 lb 


6292 
.. UDL on lintel = aa 629.2 lb/ft 


629.2 Ib/ft 


| = 10’ 


wi? 629.2 x 10? 


-. Design Moment, M = a aes A a 7865 lb — ft = 7.865 k — ft 
Depth check: 
| on 3 0.003 
= ‘ — = . : — x Se ee ae iY 
ee Dhar ere PES Sea pone anos te 
Now, M = gpf,bd? (2 — 0.599 5) 
c 


60 
= 7.865 x 12 = 0.90 x 0.0135 x 60 X10 x d? x (1 — 0.59 x 0.0135 x =) 


=> 94.38 = 7.29 x d* x 0.8407 
dad =3.92in.~ 4.5in 


Total thickness, t=d+ec=4.5+41.5 = 6in. 
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Reinforcement: 
ae Mu 865 X12 
* ef, (a-5) 0.90 x 60 x (4.5 -5) 
Asfy A, X 60 


a 0.85f,'b 0.85x3x10 
A, = 0.439 in? 
Provide 2 - #5 bars 
Shear check: 


wl _ 629.2 X 10 


4.5 
ltimat = —- — 629.2 x —— = 2910 
Ultimate shear, V, 5 w 5 629.2 X 12 2910 lb 


Allowable shear, Vay = 29 [f. bd =2 x 0.75 x ¥3000 x 10 x 4.5 = 3697 lb > V, (ok) 


Sunshade Design: 


3’ = 326” 
; 3.0 
Self weight of sunshade = 1.2 x Tl *1'x 150 = 52.5 (b/yt 
Live load on sunshade = 1.6 x 1’ x 30 = 48 lb/ft 
Total load = 100.5 lb/ft 
100.5 lb/ft 
3’ 
wl? 100.5 x 3? 
My Sag nn Re Pe OMe = Ft 
Reinforcement: 
M, 0.452 x 12 
is eG oo te a 
vf, (4-5) 0.90 x 60 x (3 -$) 
Asfy A, X 60 


o 0.85f.b 085x312 
» Ag = 0.0339 in?/ft 


Here, A,(min) = 0.0018 bt = 0.0018 x 12 x 4 = 0.0864 in?/ft 
Provide #3 bar @ 45 12 in. c/c 

Distribution (shrinkage) bar: 

Maximum spacing = 5t =5x4= 20in. 

Provide 1 of 2 nos #3 bar. 


Reinforcement Detailing: 
1 of 2 — #3 bars 


#3 bars @12"c/c 
#3 stirrup @ 6"c/c 


2 — #5 bars 
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Chapter - 6 
Retaining Walls 


am SP SS SE EE 


6.1 Theory Analysis 


Q-1. Define retaining wall. What are the functions of retaining wall? 
Ans: Retaining wall: The wall which is generally used to retain earth or such materials to 
maintain unequal levels on its two faces is called retaining wall. 


Functions of retaining wall: 

(i) Retaining wall prevents the retained earth to exert a lateral pressure on the wall tending 
to bend, overturn and slide the retaining wall. 

(ii) It is used in bridges as abutments, in building as basements, and in embankments. 

(iii) It is also used to retain liquids as in water tanks and sewage-treatment tanks. 

(iv) Retaining wall helps in improving site drainage. 


Stem or 
upright slab 


Earth: fill 


TEE FR Heel slab 


Toe slab 
Figure 6.1: Different parts of a retaining wall 


Q-2. What are the types of retaining walls? Describe them briefly. 
Ans: There are two principle types of retaining walls as follows: 
(1) Cantilever retaining wall 
(2) Counterfort retaining wall 


(1) Cantilever retaining wall: The retaining wall in which the vertical stem resisting earth 
pressure from one side and the slab bends like a cantilever is said to be a cantilever retaining 
wall. This type of retaining walls are adopted for small to medium heights from 8 to 20 ft. 


(2) Counterfort retaining wall: The retaining wall in which a relatively large bending 
moment is developed for larger heights and providing the counterforts act as tension ties 
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supporting the vertical walls is said to be a counterfort retaining wall. This type of retaining 
walls are adopted for larger heights of higher than 20 ft. 


. Counterfort 


rushed stone Weep holes 


Cc e 
a Tile drain 7 


Toe Heel SASS 
Base slab YS Key 
Figure 7.2: Cantilever retaining wall Figure 7.3: Counterfort retaining wall 
6.2 Problem Solution 


Pb-1. Design a cantilever retaining wall to support a bank of earth 16.5 ft. high. The top of 
the earth is to be level with a surcharge of 330 psf. The weight of the backfill is 110 pcf, 
the angle of internal friction is g = 35°, the coefficient of friction between concrete and 
soil is y = 0.5, the coefficient of friction between soil layer is u = 0.7, allowable soil 
bearing capacity is 4 ksf, f,' = 3 ksi and fy = 60 ksi. [CE-2008] 


Sol": 

1. Dimensions of retaining wall 

i) Height of wall, A = Height above soil + frost penetration = 16.5 +3 = 19.5 ft. 
ii) Base thickness, t, = 0.08h = 0.08 X 19.5 = 1.56 = 1.5 ft. 

iii) Height ofstem, h,, = 19.5—1.5 = 18 ft. 

iv) Base length, l, = 0.53h = 0.53 x 19.5 = 10.3 = 10.5 ft. 

v) Projection of base in front of stem = 0.17 h = 0.17 X 19.5 = 3.3 = 3.5 ft. 

vi) Stem thickness 

Maximum stem thickness at bottom, t,, = 0.08h = 0.08 X 19.5 = 1.56 = 1.5 ft. 
Minimum stem thickness at top, ts: = 0.05 h = 0.05 X 19.5 = 0.975 = 1.0 ft. 
Minimum batter of the face of the wall = 1.5 — 1.0 = 0.5 ft.= 6 in. 
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“nN 


. 
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2. Coefficient of active earth pressure, C, 


1—sinp 1-0.574 


3 ee Se eee = OF 
~~ 1+sing 140.574 pee 


3. Stability against overturning 


i) Actual unfactored forces 
330 


W. 
Height of surcharge, h, = oo oer 3 ft. 


- Py = Cgwh, = 0.271 x 110 x 3 = 90 psf 
“Py = Cgwh = 0.271 x 110 X 19.5 = 581 psf 
19,5 
Hq, = 90 X 19.5 =1755 lb = 1.755 kip; arm = ae 9.75 ft. 


1 
Hae = 5% 581 x 19.5 = 5665lb=5.665kip; arm= = = 6.5 ft. 


ii) Overturning moment, M, = (1.755 x 9.75) + (5.665 x 6.5) = 53.93 k — ft. 
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"oO 


- yaieind 
lat a ool 


"1 


iii) Balancing moment (M,) about the toe 


Force (lb) Arm (ft.) Moment (k-ft.) 
w, =1x18x 150 = 2700 12.15 


i 
W, =5 X18 x 0.5 x 150 = 675 2.39 
w3 = 10.5 X 1.5 x 150 = 2363 12.41 
W, =5.5X21X110 = 12705 98.46 


> w= R= 18.44 kip eee >, M = My = 125.61 k~ ft 


M, 125.61 


Boe A, SOP 9188 9.0: (ak 
Go sas oe (okt) 


.. Factor of safety against overturning = 


4. Base soil pressure calculation 
M,—M, _ 125.61 — 53.93 


= = 3.89 ft. 
R 18.44 


Location of the resultant R of the vertical forces, x = 


10.5 
Here, x = 3.89 ft.> ae = 3,5 fs 4% = 3.5 1t 
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10.5 
.. Eccentricity, e = or 3.89 = 1.36 ft. 


For 1 ft. strip length of the footing, 
Area of footing, A=Bx1=105x1=10.5 ft? 


1x 10.53 Sewar ie 
[= Se eee 
R (Re)c 18.44 (18.44 1.36) x 5.25 
»d,= = } SB 37 = 3.13 ksf < 4 ksf (ok 
q1 at F 05 9647 1.76 + 1.37 = 3.13 ksf (ok) 
R_ (Re)c 
8 = G— a = 1.76 — 137 = 0.39 ksf 


So, soil pressure is adequate. 


5. Stability against sliding 
i) Force causing sliding, Hs = Hg, + Haz = 1.755 + 5.665 = 7.43 kip 
ii) Resisiting force, Hp = wR =0.5 X 18.44 = 9.22 kip 
} Hp 9.22 
.. Factor of safety against sliding = — = —~ = 1.24 + 1.5 (Not ok) 
Hs; 7.43 
The resistance force is not adequate against sliding. 
In this case, a key should be provided to develop a passive pressure to resist the excess 
force that cause sliding. 
The key is placed about 6 in. from the back face of the stem. 
Assume, 
Height of top foot of the earth at toe side, h’ = 2 ft. 
Depth of key, t, = 1.5 ft. 
Width ofkey, by, = 1.5 ft. 


-. Coefficient of passive earth pressure, C, = ———— = — = ~——_ = 3.69 
£ Ai 
- Passive force, Hp = 5 Cpw(h' +t,)? = 5% 3.69 x 110 x (2+ 1.5)? = 2486 lb = 2.49 kip 


(= 7 =") 


R, = Reaction of AC = x 4.5 =11.44kip 


Ry =R-R, = 18.44 — 11.44 = 7.0 kip 


1,96 + 0.39 
Z 


-. Frictional resistance, F = u,R, + u2R2 = (0.7 * 11.44) + (0.5 * 7.0) = 11.50 kip 


R, = Reaction of CDF = ( ) x 6 = 7.05 kip 
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0.5’ Neglect 1 
foot of earth 


Critical 0.39 
section 

for shear 

In toe 2.62 2.22 


3.13 


-. Total resisting force, Hy’ = F + H, = 11.50 + 2.49 = 13.99 kip 


Hp’ 13.99 


.. Factor of safety against sliding = a. a3 = 1.9>1.5 (ok) 
Ss . 


6. Design of stem (wall) 

i) Main reinforcement 

a) Ultimate forces, considering 1ft. or 12 in. strip along the length 
“. Py = 1.6(Cgwh,) = 1.6 X (0.271 x 110 x 3) = 143 lb 


». Pz = 1.6(C,wh) = 1.6 x (0.271 x 110 x 18) = 858 lb 


18 
Hay = 143 x 18 = 2574 lb = 2.57 kip; arm=—= 9 ft 


1 18 
Ha2 = 3% 858 x 18 = 7722 ]lb=7.72 kip; arm= 3 F 6 ft. 


.. Ultimate moment at bottom of stem, M, = 2.57 X9+ 7.72 X 6 = 69.45k — ft. 
b) Depth check: 
Here, effective depth, d = t,, —cc = 18—2.5= 15.5 in. 


ge: 1S oe 2 5a es 3S Holes 
p=08 Ae ete eo MOPED? Ooos4 coos 
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Now, M = gpf,bd? (1 = 0.ssp%,) 
c 
60 
=> 69.45 x 12 = 0.90 x 0.0135 x 60 x 10 x d? x (1 ~ 0.59 x 0.0135 X =) 


=> 833.4 = 7.29 x d* x 0.8407 
«a = 11.66 in. > dorovided (15.5 in. ) [ok] 


c) Reinforcement: 


a aa 69.45 x 12 
" pfy(d-5) 0.90 x 60x (15.5 -5) 
Asfy _ A; x60 


 0.85f."b 0.85x3x12 


-- As = 1.04 in?/ft. 
Here, A,(min) = 0.0018 bt = 0.0018 x 12 x 18 = 0.39 in?/ft. 


Provide #8 vertical bars @ 8 in.c/c at the back face of the wall 


d) Again, the moment decreases along the height of the stem wall. 
To calculate the moment at midheight of the wall, 9 ft. from the top, 


». Py = 1.6(C,wh,) = 1.6 x (0.271 X 110 x 3) = 143 lb 

+ Py = 1.6(C,wh) = 1.6 x (0.271 x 110 x 9) = 429 lb 

Hg, = 143 X¥9 = 1287]b=1.29kip; arm = : = 4.5 ft. 

Ha? =5x 429xX9=1930lb=1.9kip; arm =2 3S it 

.. Ultimate moment at bottom ofstem, M, =1.29x*4.54+19x3=115k-—ft. 


e) Depth check: 


fo 4+ ) ee (= + 1Z 
2 


Here, effective depth, d = ( ) —2.5=15-—25=12.5in. 


2 
p = 0.0135 
Now, M = gpf,bd?* (1 - 0.599) 
Cc 


60 
= 11.5x 12 = 0.90 x 0.0135 x 60 x 10 x d? x (1 — 0.59 x 0.0135 x =) 


= 138 = 7.29 x d? x 0.8407 
“d =4.75 in.> dprovideg (12.5in.) [ok] 


f) Reinforcement: 
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Mu 11.5 x 12 
A C= — -0—00 OO" 
"pf, (a-F) 0.90 x 60x (12.5 -§ 
Asfy A, x 60 
. a 


~ 0.85f.b 085X3x12 


«Ae = 0.22 in*/ft 
Here, A,(min) = 0.0018 bt = 0.0018 x 12 x 15 = 0.32 in?/ft. 


Provide #4 vertical bars @ 7 in. c/c at the back face of the wall 
And, Provide #4 vertical bars @ 12 in.c/c at the front face of the wall 


ii) Temperature and shrinkage reinforcement 

A,(min) = 0.0018 bt = 0.0018 x 12 x 18 = 0.389 in?/ft. 

As the front face of the wall is mostly esposed to temperature changes, use one — half of the 
horizontal bars at the external and internal face. 

-. 0.5 A, = 0.0018 bt = 0.5 x 0.389 = 0.195 in?/ft. 


Provide #4 horizontal bars @ 12 in. c/c 


iii) Dowel bars 
The anchorage length of #8 bars into the footing must be at least equal to the 
base thiclness (tp) 


iv) Shear check 
The critical section for shear is ata distance d = 15.5 in. from the bottom ofthe stem 


15:5 
At this section, the distance from the top = 18 — °° 16.7 ft. 


-. P, = 1.6(C,wh,) = 1.6 x (0.271 x 110 x 3) = 143 lb 

-. Py = 1.6(Cgwh) = 1.6 x (0.271 X 110 x 16.7) = 796 lb 
Hai = 143 X 16.7 = 2388 lb = 2.39 kip 

Ha = 5 x 796 X 16.7 = 6646 lb = 6.6 kip 


-. Total ultimate horizontal force, H = 2.39 + 6.6 = 9.0 kip 
Concrete allowable shear force, gV; = y2A | f-' bd 
“ QV, = 0.75 X2x* 1x V¥3000 x 12 x 15.5 = 15281 lb = 15.28 kip > 9.0 kip (ok) 


7. Design of heel 

i) Load and moment calculation 

Total ultimate load on the heel, V, = 1.2 DL +1.6LL 

= V, = 1.2 x [(18 x 5.5 x 110) + (1.5 x 5.5 x 150)] + 1.6 x [(1.5 x 5.5 x 100)] 
“Vy, = 17193 lb = 17.2 kip 
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5.5 5.5 


.. Ultimate moment at face of wall, M,, = V,, x a =17.2x cE = 47.3k—ft 


ii) Shear check 

The critical section for shear is at a distance d = 15.5 in. from the face of wall 
Here, V,, = 17.5 kip 

OV, = 15.28 kip + VY, (Not ok) 


17.2 
Now required, d = i528 * 15.5 = 17.4 = 18.5 in. 


.. Total thickness of base slab = d+ cc = 18.5+ 3.5 = 22 in. 


iii) Depth check 
p =0.0135 
Now, M = gpfybd? (: — 0.59p ) 
60 
=> 47.3 x 12 = 0.90 x 0.0135 x 60 x 10 x d? x (1 — 0.59 x 0.0135 x =) 


=> 567.6 = 7.29 x d* x 0.8407 
~ d = 9.62 in.> dprovidea (18.5 in.) [ok] 


iv) Reinforcement 
a) Main Reinforcement 


oe Me 473x12 
* pf, (a-$) 0.90 x 60x (18.5 -$) 


Achy A, x 60 


o 085f.b 085x3x12 
sA, = 0.575 init 
For shrinkage A,(min) = 0.0018 bt = 0.0018 x 12 x 22 = 0.475 in*/ft. 


200 200 
For flexural A,;(min) = ——bd 


7 aii x 12x 18.5 = 0.74 in?/ft. 
y 


Provide #6 bars @ 7 in.c/c 


b) Temperature and shrinkage Reinforcement 

Not needed in the heel or toe, but it may be preferable to use 
minimum reinforcement. 

Provide #4 bars @ 12 in.c/c 


8. Design of toe 


i) Load and moment calculation 
Ultimate load ontheheel, VY, = 1.6 x (—**) x 196—1.2x (S x 0.150) xX 1.96 
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: V, = 8.37 kip 
»~ OVe = 15.28 kip > V, (ok) 


Ultimate moment at face of wall, 


222 2 22 (3.5)? 
M, = 1.6 l~ (3.5)? + (3.13 — 2.22) x 3.5 0.5 (5 x 3.5) ~12x (5 x 0.150) x= 
2. My, = 25.7 = ft. 
ii) Reinforcement 


a) Main Reinforcement 


M, 25.7 x12 
A a, a 


a of, (a-5 ~ 0.90 x 60 x (18.5 -$ 
| Age. Age SD 

- Da5f'b 085x3X12 

«Ae = 0.319 in® /ft. 

For shrinkage A,(min) = 0.0018 bt = 0.0018 x 12 x 22 = 0.475 in? /ft. 


For fl 1 As(min) on bd = x 12 x 18.5 = 0.74 in?/ft 
or flexura min) = — ==. J=U. in . 
: i 60000 


Provide #6 bars @ 7 in.c/c 


9. Design of shear key 

Maximum ultimate moment between heel andtoe, M, = 47.3 k — ft. 
Depth ofkey, t, = 1.5 ft = 18 in. 

Width of key, b, = 1.5 ft.= 18 in. 


Effective depth of key,d = 18 — 2.5 = 15.5 in. 


Ae M, 47.3 X12 
= >= SES 
vfy(4-5) 0.90 x 60 x (15.5 - 5) 
al Af, _ Asx 60 
 0.85f,'b 0.85x3x18 
« A. = 0:69 in? 


Provide 2 — #6 bars 
Also provide #4 bars @ 12 in.c/c as shear reinforcement as like external wall. 
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10. Reinforcement detailing 
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Chapter - 7 
Introduction to Prestressed Concrete 


7.1 Theory Analysis 


Q-1: What is prestressed concrete? [CE-2018, 2017] 

Ans: Prestressed concrete: The concrete in which an initial compressive stress is 
introduced to the beam to offset or counteract the tensile stresses produced by the external 
loads is called prestressed concrete. 


In reinforced concrete members, the prestress is commonly introduced by tensioning the 
steel reinforcement. 


Q-2: Discuss the basic concepts to explain and analyze the behavior of prestressed concrete 
clearly. [CE-2019] 


Ans: 


-—————— £ —_____| 


a- Loading 
F Fec Mc 
A I I 


Beam prestressing eccentricity externalloads resultant 


b -Stresses 
Figure 7.1: Distribution of stresses in a prestressed beam 


Basic concepts of prestressed concrete: 
(i) Prestressing to transform concrete into an elastic material. 
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(ii) Prestressing for combination of high strength steel with concrete. 
(iii) Prestress to achieve load balancing. 


Behavior of prestressed concrete: 

(a) Flexural stresses in prestressed members are the result of internal prestressing force (F), 
the internal moment due to eccentric cable configuration (Fe), and the external applied 
moments (M). 

(b) The prestressing force results in stresses that are opposite to those resulting from the 
external loads. 

(c) The entire section is mainly subjected to compression stresses and is free from cracks. 

(d) It is clear that the tensile stresses that result from the applied loads are eliminated by 
the compressive stresses due to prestressing (Figure 7.1). 


Q-3: Write down advantages and disadvantages of prestressed concrete over reinforced 
concrete structures. [CE-2019, 2017] 

Ans: Advantages of prestressed concrete: 

(i) As the high strength concrete and steel is used in prestressed concrete, the lower amount 
of materials is required. 

(ii) It reduces the tensile stress of concrete. 

(iii) The stirrup need not to be provided as it can carry some shear stress. 

(iv) It is suitable for long span heavily loaded. 

(v) It can easily applicable in artistic purpose. 


Disadvantages of prestressed concrete: 

(i) It is not applicable and economical for simple structures. 

(ii) It is not suitable for short span lightly loaded. 

(iii) It requires sufficient transport facility to deliver the prestressing member from the 


factory. 


Q-4: What are the classifications of prestressed concrete? Describe them briefly. 
Ans: The different classifications of prestressed concrete are described below: 
(1) Pre tensioned member and post tensioned member 

(2) External prestressing and internal prestressing 

(3) Linear prestressing and circular prestressing 

(4) Partially prestressed member and fully prestressed member 

(5) Bonded tendons and unbonded tendons 

(6) Grouted member and non-grouted member 


Brief description of the classification: 
(1) Pre tensioned member: The member in which the tendons are tensioned before the 
concrete is placed and the prestress is transferred to the concrete after it has set is called 
pre tensioned member. [CE-2019, 2015] 
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Post tensioned member: The member in which the tendon is tensioned after the concrete 
has hardened and the prestressing is always performed against the hardened concrete and 
the tendons are anchored against it immediately after transfer is called post tensioned 
member. [CE-2019, 2015] 


(2) External prestressing: The prestressing in which the prestressing force is applied by 
flat jacks placed between the concrete member ends and permanent rigid abutments is 
called external prestressing. [CE-2015] 

Internal prestressing: The prestressing in which the tendons lie within the cross-section 
of the structure and prestressing force is transferred through anchorages and contact 
pressure against the surface of the duct is called internal prestressing. 


(3) Linear prestressing: The prestressing in which the prestressed members are straight 
or flat in the direction of prestressing is called linear prestressing. The profile of the 
prestressing tendon may be curved. [CE-2019} 

Circular prestressing: The prestressing in which the prestressed members are circular 
structures such as round tanks, pipes where the prestressing tendons are wound around 
circles is called circular prestressing. [CE-2019] 


(4) Partially prestressed member: The prestressed member in which some tensile stress 
is produced under service load then the flexural cracking occurs and the main flexural 
tension steel includes both prestressed and non-prestressed steel is said to be partially 
prestressed member. [CE-2019, 2018] 

Fully prestressed member: The prestressed member in which there are no tensile stress 
under service load and no flexural crack occurs in the concrete is said to be fully prestressed 
member. [CE-2019] 


(5) Bonded tendons: The tendons (steel wire or bars) bond throughout the length of 
tendons to the surrounding concrete is called bonded tendons. In pre tensioning, concrete 
and tendons are cast monolithically and provides bonded tendons. 

Unbonded tendons: The tendons which have no bond throughout the length of tendons to 
the concrete and tendons left without grout or coated with grease in the concrete is called 
unbonded tendons. In post tensioning, bonded tendons may achieve by grouting. 


(6) Grouted member: The member in which grouting of the post tensioned tendons in the 
post or prestressed concrete is carried out to provide permanent protection to the tendons 
against corrosion is said to be grouted member. 


Non-grouted member: The member in which grouting of the post tensioned tendons in 
the post or prestressed concrete is not required for the no void in between the tendons and 
concrete is said to be non-grouted member. 
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Q-5: What is loss of prestressing? [CE-2013] 

Ans: Loss of prestressing: When the prestressing force is transferred from the jack to the 
concrete member, a continuous loss in the prestressing force occurs; the total loss is the 
reduction in the prestressing force during the lifespan of the structure. This loss is said to 
be the loss of prestressing. 

The sources of prestress loss are given below: 

(i) Elastic shortening of concrete 

(ii) Shrinkage of concrete 

(iii) Creep of concrete 

(iv) Relaxation of steel tendons 

(v) Friction 

(vi) Anchorage set 


Q-6: What is stress relaxation? [CE-2018] 

Ans: Stress relaxation: Stress relaxation causes a time-dependent loss in the initial 
prestressing force, similar to creep in concrete. Stress relaxation is defined as the loss of 
stress under constant strain, while creep is defined as the change in strain under constant 
stress. This type of losses occurs under constant loading due to the elongation of the 
tendons with time. 


Stress loss % of initial stress 


- Time (hours) 


Figure 7.2: Typical stress relaxation losses 
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7.2 Basic Concepts 
7.2.1 Fiber Stress and Sign Indication 


F_Mc_ Fec 


Fiber stress, f = ats a 


resultant 


Beam prestressing eccentricity extemalloads resultant 


i) Compression always (-ve) ¥at BIR ASR tension c# always (+ve) <at BIR 
ii) Prestressing force (F) 44 Mat top 8 bottom-4 always compression PIS Pati! 
iii) Prestressing force 44 eccentricity wet internal moment (Fe) 44 @at7 beam “4 
bottom-4 compression (-) 4&8 top-4 tension (+) Pie Favs 
iv) External moment (M) 4a @fatq beam 4a bottom-4 tension (+) Xk top-4 
compression (-) $1&t Pac! 

F Mc_ Fec 


-. Fiber stress attop, f, = 2 ae + — 


-. Fiber stress at bottom, f; = — r so fe 
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7.3 Solution Techniques 
7.3.1 Fiber stress at Top and Bottom 
1. We have, 


Fiber stress, f = — 


Here, c = center of gravity of cross — section, e = eccentricity of prestressing force 
wit 
2. External moment, M = a (and also depend on support condition) 


bh? 
3. Moment ofinertia, J = aa (and also depend on geometry of cross — section) 


4. At top fiber, 
F Mc_ Fec 


5. At bottom fiber, 
_ F 4 Mf Fec 
aa ar I 


6. Stress diagram 


7.3.2 Prestressing Force Required Producing a Certain Stress 


1. We have, 
Sikeest f io 3: Mc i Fec 
ress, f = —-—~+—+— 
iber stre At 7 
Here, c = center of gravity of cross — section, e = eccentricity of prestressing force 
wl? 
2. External moment, M = = (and also depend on support condition) 


bh3 
3. Moment ofinertia, J = ID (and also depend on geometry of cross — section) 


4, Finding of Prestressing force (F) 


Pe er ee a coc 
op fiber, f, = 7 ae ak 
or, 

F Mc F 
At bottom fiber, f, = Bee peat 


A I |. 
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7.4 Problem Solution 
7.4.1 Fiber Stress at Top and Bottom 


Pb-1. A post tensioned beam of 60 ft. span length and the prestressing force amount is 
1250 kip applied according to the figure. The beam carries a uniform load of 2.5 k/ft. 
including its self-weight. Calculate the stresses in the top and bottom fibers at the midspan 
section. 

10” 


}¢+——> 
45’.|-. ts 
{ bot 
4 


60’ 
Sol": 
We have, 
F_Mc_ Fec 
Fib tress, f = —— + —+— 
iber stress, f At Tt 


45 
Here,c = a= 223", @=225—10 = 12.5" 


wL? _ 2EX 602 


External moment, M = as = — 3. = 1125:k —ft = 13.5 x 10° lb — in. 
M tofinertia, / Ge ae 75937.5 in* 
a, Se CL . 

oment of ine 1D 13 in 
At top fiber, 
fie F Me bee 
eye tga ey I 
ye 1250x107 13.5x10° x 22.5 r 1250 x 10? ¥ 12.5 x 22.5 

45 10 75937.5 759375 


“ f, = —2148.15 psi (compression) 
At bottom fiber, 
i ia aon 


= f, = —1250* 10" 13.5x10°x 22.5 1250 x 10° x 12.5 x 22.5 
= ea. Sea oe 
x 10 75937.5 75937.5 
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:- fy = —3407.3 psi (compression) 


Stress diagram: 
-2148.15 psi 


-3407.3 psi 


Pb-2. A post tensioned beam of 60 ft. span length and the prestressing force amount is 
1250 kip applied according to the figure. The beam carries a uniform load of 2.5 k/ft. 
including its self-weight. If the stress in the top fibers to be zero at the midspan section, 
what will be changed in the beam? 


Sol*: 
We have, 

F_Mc_ Fec 
Fiber stress, f = —— = — +— 
f ey, = 


45 
Here, c = > = 22.5", e=22.5—10 = 12.5" 


wL? _wx 602 


External moment, M = — sy 450 xwk —ft =5.4 x 10° x w lb — in. 
M tofinertia, bh _ eK aS 7593 in* 
a, | = —— = ——— = 
oment of inerti 12 12 7.5 in 
At top fiber, 
F Mc_ Fec 


olay aad ae 


45 x 10 78937 .0 a" 73987. 
=> 0 = —2777.78 — 1600 w + 4629.63 


~w=116k/ft 
So, uniform load will be reduced = 2.5 — 1.16 = 1.34k/ft 


Cemern ere er mernnny 
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Pb-3. A prestressed concrete beam of 20 ft. span length and the prestressing force amount 
is 250 kip applied according to the figure. The beam carries a uniform load of 3 k/ft. 
including its self-weight. Calculate the stresses in the top and bottom fibers at the midspan 


section and ends of the beam. 
2A e: mess 
F { bel 
Kant 4 


Oxo. id 
20’ 
Sol": 
We have, 
Fiber stress, f = a + ae + pet 
; EP A oak = 


24 
Here,c => = 12", e=12-—3 =9" 


wl? 3x20? 
External moment, M = on ae 150k — ft =1.8 x 10° lb — in. 
M tofinertia, I BS se 2d 13824 in* 
ent of in , l=— = —_ = 
omen 2 2 in 

Stresses at midspan: 
At top fiber, 

F Mc _ Fec 


ae tees soy 


250x107 18x10°x12 250x10?x9x12 
=> f, = ———___— — + 
12 x 24 13824 13824 


“- f, = —477.4 psi (compression) 


At bottom fiber, 


fe ig eae 


250x107 18x10°x12 250x10?x9x12 
Shae ff 
12 x 24 13824 13824 


“- fy = —1259 psi (compression) 
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Stresses diagram at midspan: 
-477.4 psi 


-1259 psi 


Stresses at beam ends: 
Here, ¢ = 0 
At top fiber, 


-. f, = —868 psi (compression) 


At bottom fiber, 


Pb-4. A post tensioned beam shown in the figure given below stressed by 1000 kPa force 
at point A. Compute the extreme top and bottom fiber stress at m-m section. The beam is 
loaded by 3 k/ft. including its self-weight. [CE-2017] 


12” 
Beam section at m-m 


Sol’: 

We have, 

mienee : Hilt. fee 
iber stress, f = Atty 
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50 VW mt 
Here, c =e eS , e=25-45=205 


Prestressing force, F =PxA=1000 kPa x 12 * 50 in? 


12 * 50 
: F = 1000 * 20.89 psf x ft? = 87042 lb 
144 
wL wx? 
External moment atm — m section, M = >* “ae 
3x85x38 3x 38? 
Siete ee = 2679 k — ft = 32.148 x 10° lb —in 
3 3 
Moment of inertia, J = zie pean wl = 1.25 x 10° in* 
pb 12 
At top fiber at m-m section, 


F Mc Fec 
Pie aa 


87042 32.148x10°x25 87042 x 20.5 x25 


=> Se ee eee 
fe 12x50 1.25 x 105 i 1.25 x 105 


-. fe = —6218 psi (compression) 
At bottom fiber, 


: es Fec 
fy = Ary I 


12 x 50 * 1.25 x 105 1:25: 10° 
“. fp = +5928 psi (tension) 


Stress diagram: 
-6218 psi 


+5928 psi 
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Pb-5. For the simply supported beam shown in the figure below, determine the maximum 
stresses at midspan section due to its own weight and the following cases of loading and 
prestressing: 

(i) A uniform live load of 800 lb/ft and an axial centroidal longitudinal compressive force, 
P = 280 kip. 

(ii) A uniform live load of 2200 lb/ft and an eccentric longitudinal compressive force, P = 
280 kip. [CE-2016] 


Sol’: 
(i) A uniform live load of 800 1b/ft and an axial centroidal longitudinal compressive force, 
P = 280 kip. 
We have, 
Fiber st _ Be Eee 
iber stress, f = he ae 


20 
Here,c = = 10", e=0, Area, A= (12 x 20) — (8 x 12) = 144 in? 


144 
Self weight of beam = T4A x 150 = 150 lb/ft 


. Total uniform load, w = (800 + 150) = 950 lb/ft 


wL? _ 950 x 252 


External moment, M =—— = 74219 lb — ft = 8.9 x 10° lb — in. 


8 8 
M vated 7 = 12 *20° 8 x 123 2848 int 
oment of inertia, | = —7> a in 
At top fiber, 


= F Me Fee 
fe = A I! I 
280x103 89x10°x10 


=> == 
fe 144 6848 


- f, = —3244 psi (compression) 
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At bottom fiber, 
. F ra Mc Fec 

M has Oba i 

280 x 103 4. 8.9x10° x 10 
144 6848 


- fp = —645 psi (compression) 


=j,= > 


So, maximum stress at midspan section is — 3244 psi. 


(ii) A uniform live load of 2200 lb/ft and an eccentric longitudinal compressive force, P = 


280 kip. 
We have, 

Fi oMeé » Fee 
Fiber stress, f = —— = — +— 
iber stress, f ie Tt 


20 
Here, c = ra 10”, e=5", Area, A= (12 x 20) — (8 x 12) = 144 in? 


-. Total uniform load, w = (2200 + 150) = 2350 lb/ft 


wl? 2350 x 25? : 
External moment, M = ee oe TT 1.84 x 10° lb — ft = 2.2 x 108 lb — in. 


Moment of inertia, / = 6848 in* 


At top fiber, 
ge F ue Fee 
a ae I 
280x102 2.2x10°x10 280x107x5x10 
et a 
144 6848 6848 


“. fe = —3113 psi (compression) 


At bottom fiber, 
,, ae Mc Fec 
Bae ee 
280x103 22x10°x10 280x10°x5x10 
=> fy = -——__—__ 4 SR 
144 6848 6848 


-. fp = —776 psi (compression) 


So, maximum stress at mid span section is — 3113 psi. 
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7.3.2 Prestressing Force Required Producing a Certain Stress 


Pb-6. A pre-tensioned (prestressed) rectangular beam of 85 ft. span length having cross- 
section of 12 in. by 50 in. The beam carries a uniform load of 2 k/ft. including its self- 
weight. Calculate the prestressing force to produce -55 psi stress at bottom fiber at the 


midspan of the beam. [Class Test-2019] 


50’-|-- -.--NA 
a 3 Hetee 
r% > * 


12” 


Sol": 
We have, 


F_Mc_ Fec 
Fiber stress, f = — at > + — 


50 
Here, c a = 25", e=25-—6=21" 


wl 2x 852 
External moment, M = = Tg = 1806.25 k — ft = 21.675 x 10° lb — in. 
M t f i rtia I bh? 12 ii 50° 1 25 10° + 4 
oment of inertia, J = —— = ————- = 1. 
7 12 12 re ae 
At bottom fiber, 
f F fn Mc Fec 
PAT TOUT 
F 21.675x10°x25 Fx21x25 
5G a ee Oe ee 
12 x50 1.25 x 10° 1.25 x 105 


=> —55 = -1.67x 10-3? x F + 4335 —4.2 x 103 xF 


-. F = 747870 lb = 747.87 kip ~ 750 kip 
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Pb-7. A post tensioned concrete beam of span 100 ft. having 12” x 65” cross section. Find 
out the required amount of pre-stressing force to produce 60 psi tension in top fiber. Pre- 
stressed concrete beam details is shown in figure below. [CE-2019] 


yt 
| 100’ 
Sol*: 
We have, 
Fiber stress, f é os us pe 
iber f=- ete t— 
Be A ae | 


65 
Here,c = 3s = 32.5", e= 32.5 —7 = 25.5" 


12 x 65 
Self — weight of beam, w= 144 xX 150 = 812.5 lb/ft = 0.8125 k/ft 
_ wit 0.8125 x 1007 
External moment, M = as ea ce 1015.625 k — ft = 12.2 x 10° lb — in. 
bh? 12x65? 
Moment of inertia, J =—— = ———— = 2.75 X 10° in* 
12 12 
At top fiber, 
_ F Mc _ Fec 
fe = A <4 I 
es F 12.2x10°x 32.5 Fx25.5 Xx 32.5 
=e OU eK ES OTS M105 2.75 x 105 


— 60 = —1.282 x 10-3 x F + 1441.82 — 3.014 x 107° x F 
. F = 321680 lb = 321.68 kip = 322 kip 
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Pb-8. A post tensioned beam is 10” x 60” in cross-section and 90’ span length. Post 
tensioned cable follows a parabolic path shown in figure below. The beam carries a uniform 
load of 4 k/ft. including its self-weight. Find out the amount of pre-stressing force to 


produce “0” stress at bottom fiber of the beam in service condition. [CE-2018] 


6” 
90’ 
Sol?: 
We have, 
F_Mc_ Fec 
Fiber stress, f = 4 + T + a 
60 ; 
Here, c =a = 30°, e=30-—6= 24" 
wl? 4x 902 
External moment, M = “3 5B = en k= ft = 48.6 x 10° lb — in. 
bie oe , — DAY _ 10 x 60° " ee 
Moment of inertia, / = 2, 12 =1.8x10°in 
At bottom fiber, 
F Mc Fec 
Jaa a ao 
6 F 48.6 x 10° x 30 F xX 24x 30 
=> a a 
10 x 60 1.8 x 105 1.8 x 105 


= 0=-1.67x1073? x F + 8100-4x10°3xF 
* F = 1428572 lb = 1428.572 kip = 1430 kip 
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| Appendix A: Necessary Tables and Graphs 


Table A: Designation, diameter and area of standard bars 


Diameter Area Area 
Bar (mm) (in.) (in’) (mm*) 


[oa7s [060 [3800 


Z 
2 
2 
3 
3 
4 


10 
13 
16 
19 
Z 
5 
9 
2 
6 
3 
| 


[For finding bar diameter from bar no. to mm (#3 to 10 mm) & 
area by short techniques, follow Appendix B (Table B.1)) 
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Graph A: Column strength interaction diagram for rectangular section with bars on four 
faces. 
Graph A.5: for y = 0.60 


Interaction diagram 


<a58 
Base 
Coe 
an>4 
iis 
KEP 


1.9 HS -s Ba 
ma: Sooner 
wn t+ ~|-4 tt | 
Pe: Seenee ez! 
bes Bela Sriers cr ari 
| et spre aeee 
iia se eae neces Coen CoNaeeeEEeeeeel geeee 
sa EESEETIEEENCHNEPCHEEEEEE EEE 
i= PES ELE any aeneens = 4 
RETESET NSNEEEEEEEEEEEEEEE Se 
© FEES 0.08 CANCER CEA EH SEA EEE Gbaseeuauearas 
scececeees te tocevegn siti tasaeraareeecauge: eeeiteeeace 
Ie HES OC HENNE OEE ose ty 
OS REESE EEENEENERRE RPAH A 
Sues Samah Nenstantn'.o/atag beens ee ZUenee ter Zageers eee-cesnee eases 
th a tN PAN BODStE Re ASR eR eee oe 
PM) sass asres css ceva ectaeececonsteceseceaatnes ctesetooateee 
a Sins sectay (aucaisae aestvatensgasrarercss 
ee Seenesccs (ea cate snseseeaseecaeescaenressessseeeeeccee 
on fete RE iebabes coheszeec cers AS HH 
; ao ACC AANE SdNeheeer ae scan Perna ma 
De Beeae Eel ceva aa ener Gr oniecanteeeceeteetas 
007 FREER YE a PEE 
sense sesmaeraantey daesvr adal\ss vetoes PERE 
06 HAE Teste etacetnie neaceereeeTEtE 
BReRs Seen eee 4 ae ATT) Zi | PEE EE PH sre Coot 5 
a SHA ap tec amet Sessreceventsessseestatae 
MA recy ecocecrcepaipe atemtencal| (Se Sk 
Bose EE aor due cd Wah eaiiactet ar taatnases asses PERE 
od ser eu a5 2atciralieninsteasei etal geestaes eae ett Baise 
wa RUE TE EPR Oops ol UE SRE Hee 
Sid esoceeh eae teceedesfersersctsueeartats HU edsssessassets 
0.1 A Pz atte tus att fn ow am Das Seaneseeaneeeaeyens 
HU TL Ms OER ACHEEEPEE HEE FEEEEEE gags eeedesesaceseeseest 
oo Pee Seresecataiiil Eeliiisttassttastsstioe 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 O46 0,50 055 0.60 0.65 


= gh - Sieh 


238 . A Handbook of Reinforced Concrete Structures (Part-II) 


Graph A.6: for y = 0.70 
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Graph A.7: for y = 0.80 
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Interaction diagram 
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| Appendix B: Special Short Techniques 


Table B.1: Determination of diameter and area of bars 


Bar dia, d, = “a (in. ) e.g; Dia. of #3 bar, dp = = = 0.375 in. 


Bar dia, d, = =**+ 25.4 (mm) | e.g; Dia. of #3 bar, dy = = + 25.4 = 9.53 = 10mm 


Table B.2: When RCC member is to be designed in WSD and when in USD 


Method is said. 
2. To find allowable working moment. 
strength. 


3. Given, f, & f; value. 3. Given, fy & f,' value. 


4. Given, allowable working moment. | 4. Given, factored moment. 


Table B.3: Strength Reduction Factor of RCC Structures 


RCC Member Strength Reduction Factor, @ 


[Beamtorfexwe [080 


Appendix B: Special Short Techniques 240 


Table B.4: Clear Cover & Effective Cover of RCC Structures 


Effective Cover 


(ec) = cc +2 


Beam 


7 
y 
a7 

P 


Sunshade 


Table B.5: Using of Reinforcement Bar in RCC Structures (normally used) 


RCC Structures Bar Size (No.) Bar Size (mm) 
#6, #7, #8, #9, #10 | 19, 22, 25,29,32mm 
73, 10,13mm 
#5, #6, #7, #8 16, 19, 22,25 mm 
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| Appendix C: Necessary Unit Conversion 


Table C.1: Necessary Unit Conversion 


1in.= 25.4mm 1 kN/m? = 20.885 psf 
1m = 39.37 in. 1 MPa = 1 N/mm? = 145 psi 
1m = 3.28 ft 1 MPa = 10.197 kg/cm? 

1m = 1.094 yd 1 tsf = 95.76 kN/m? (kPa) 
1 mile = 1.61 km 1 bar = 14.5 psi 


1kKN = 224.81 
1 ton = 2000 lb = 2 kips 


1m? = 10.76 sft 
1 acre = 4046.86 m2 
1 acre = 4840 yd? 
1 Dec = 435.6 sft 
1 Katha = 720 sft 


Moment 


1 kg = 2.2 |b 1 KN.m = 0.737 kip — ft 
1 lb = 453 gm 
1 ounce = 28.35 gm 


Unit Weight 


1 US gallon = 3.78 litre Steel: 488 lb/ft? = 78 kN/m? = 7850 kg/m? 

1 m? = 100 litre Concrete: 150 lb/ft? = 24 kN/m? = 2400 kg/m? 
1 cft = 28.32 litre 
1m? = 35.31 cft 
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